Tree-Ring Evidence of North Pacific Volcanically Forced Cooling and Forcing of the Pacific Decadal Oscillation (PDO) by Vargo, Lauren
The College of Wooster Libraries
Open Works
Senior Independent Study Theses
2013
Tree-Ring Evidence of North Pacific Volcanically
Forced Cooling and Forcing of the Pacific Decadal
Oscillation (PDO)
Lauren Vargo
The College of Wooster, lvargo13@gmail.com
Follow this and additional works at: https://openworks.wooster.edu/independentstudy
Part of the Paleontology Commons
This Senior Independent Study Thesis Exemplar is brought to you by Open Works, a service of The College of Wooster Libraries. It has been accepted
for inclusion in Senior Independent Study Theses by an authorized administrator of Open Works. For more information, please contact
openworks@wooster.edu.
© Copyright 2013 Lauren Vargo
Recommended Citation
Vargo, Lauren, "Tree-Ring Evidence of North Pacific Volcanically Forced Cooling and Forcing of the Pacific Decadal Oscillation
(PDO)" (2013). Senior Independent Study Theses. Paper 685.
https://openworks.wooster.edu/independentstudy/685
Tree-­‐Ring	  evidence	  of	  North	  Pacific	  volcanically	  forced	  cooling	  and	  forcing	  of	  the	  Pacific	  Decadal	  Oscillation	  (PDO)	  	  	  	  
	  	  	  	  By	  	  Lauren	  Vargo	  	  	  	  	  	  Submitted	  in	  partial	  fulfillment	  of	  the	  requirements	  	  of	  Senior	  Independent	  Study	  at	  	  The	  College	  of	  Wooster	  	  	  March	  25,	  2013	  	  
	   1	  
Abstract	  	  	   Two	  large	  undocumented	  volcanic	  eruptions	  in	  1698/9	  and	  1809	  have	  been	  previously	  identified	  in	  ice	  cores	  as	  sulfate	  peaks,	  and	  in	  tree-­‐ring	  latewood	  density	  data	  as	  low-­‐density	  rings.	  These	  eruptions	  can	  also	  be	  recognized	  using	  tree-­‐ring	  width	  data,	  and	  can	  be	  identified	  in	  the	  tree-­‐ring	  record	  as	  narrow	  rings	  for	  several	  consecutive	  years.	  The	  first	  part	  of	  this	  study	  uses	  tree-­‐ring	  width	  data	  from	  the	  Gulf	  of	  Alaska	  to	  provide	  further	  evidence	  that	  these	  eruptions	  occurred.	  	  	   The	  two	  eruptions	  also	  provide	  a	  natural	  experiment	  for	  investigating	  the	  effects	  large	  volcanic	  eruptions	  have	  on	  North	  Pacific	  climate,	  including	  the	  Pacific	  Decadal	  Oscillation	  (PDO),	  which	  is	  considered	  a	  primary	  driver	  of	  North	  Pacific	  climate.	  A	  recent	  modeling	  study	  suggests	  that	  strong	  volcanic	  eruptions	  (SVEs)	  can	  have	  significant	  impacts	  on	  Gulf	  of	  Alaska	  climate,	  including	  forcing	  the	  PDO	  into	  a	  negative	  phase.	  To	  gain	  further	  insight	  into	  this	  possible	  forcing,	  the	  second	  part	  of	  this	  study	  presents	  a	  PDO	  reconstruction	  that	  was	  created	  using	  tree-­‐ring	  data	  from	  the	  Gulf	  of	  Alaska.	  The	  reconstruction	  is	  then	  analyzed	  at	  the	  times	  of	  the	  1698/9	  and	  1809	  eruptions.	  Our	  analyses	  find	  that	  while	  SVEs	  in	  1698/9	  and	  1809	  correlate	  with	  negative	  phases	  of	  the	  PDO,	  both	  eruptions	  occurred	  when	  the	  PDO	  had	  already	  entered	  a	  negative	  phase.	  Therefore,	  it	  appears	  that	  SVEs	  may	  intensify	  negative	  shifts	  of	  the	  PDO,	  but	  that	  the	  PDO	  is	  also	  driven	  by	  other	  factors	  including	  El	  Niño	  Southern	  Oscillation	  (ENSO),	  atmospheric	  circulation,	  ocean	  circulation	  and	  solar	  variability.	  	  	   	  
	   2	  
Acknowledgements	  	  	  	   We	  thank	  Glacier	  Bay	  National	  Park	  and	  Preserve	  and	  the	  National	  Forest	  Service	  (U.S.	  Forest	  Service	  Special	  Use	  Permit	  FS-­‐2700-­‐4)	  for	  allowing	  us	  to	  sample	  the	  mountain	  hemlock	  for	  this	  study.	  This	  work	  was	  supported	  by	  the	  National	  Science	  Foundation	  Grants	  ATM-­‐0902799	  and	  AGS-­‐1202218.	  We	  are	  grateful	  to	  the	  National	  Park	  Service	  for	  logistical	  support.	  Part	  of	  the	  Excursion	  Ridge	  chronology	  sampling	  was	  made	  possible	  by	  a	  grant	  from	  the	  National	  Geographic	  Society.	  Furthermore,	  I	  would	  like	  to	  thank	  other	  Geology	  students,	  especially	  Jenn	  Horton,	  Andy	  Nash,	  and	  Will	  Cary,	  for	  help	  processing	  data	  used	  in	  this	  study.	  I	  especially	  thank	  Sarah	  Appleton	  for	  her	  help	  in	  the	  lab	  and	  her	  willingness	  to	  answer	  any	  and	  all	  questions.	  Finally,	  I	  thank	  my	  advisors	  Dr.	  Greg	  Wiles,	  for	  making	  this	  project	  possible	  and	  for	  all	  of	  his	  invaluable	  help	  along	  the	  way,	  and	  Dr.	  Meagen	  Pollock,	  for	  taking	  the	  time	  to	  learn	  about	  this	  study,	  from	  the	  PDO	  to	  COFECHA,	  and	  for	  helping	  me	  finish	  the	  Independent	  Study	  process	  strong.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
	   3	  
Table	  of	  Contents	  	  
	  
Abstract.................................................................................................................................................................1	  
	  
Acknowledgements........................................................................................................................................2	  
	  
Table	  of	  Contents.............................................................................................................................................3	  
	  
Background.........................................................................................................................................................4	  	  	   Geologic	  and	  Climate	  Setting	  of	  the	  Gulf	  of	  Alaska.................................................................4	  	   The	  Pacific	  Decadal	  Oscillation…..................................................................................................8	  	   The	  1698/9	  and	  1809	  Eruptions.................................................................................................11	  	   Volcanic	  Cooling	  through	  SVEs....................................................................................................15	  	   SVE	  Forcing	  of	  the	  PDO...................................................................................................................17	  	   A	  Previous	  PDO	  Reconstruction...................................................................................................19	  
	  
Methods	  of	  Reconstruction	  of	  GOA	  Climate...................................................................................22	  
	  
	   Dendrochronology............................................................................................................................22	  
	   Identifying	  and	  Mapping	  the	  1698/9	  and	  1809	  Eruptions	  Along	  the	  GOA….............25	  	   Reconstructing	  the	  PDO.................................................................................................................27	  
	  
Results.................................................................................................................................................................29	  	  	   Identifying	  and	  Mapping	  the	  1698/9	  and	  1809	  Eruptions	  Along	  the	  GOA................29	  	   Reconstructing	  the	  PDO.................................................................................................................36	  	  
Discussion.........................................................................................................................................................39	  	  	   Identification	  of	  the	  Eruptions.....................................................................................................39	  	   Verification	  of	  this	  Reconstruction.............................................................................................40	  
	   Analysis	  of	  this	  PDO	  Reconstruction..........................................................................................45	  	   Implications	  of	  this	  Study..............................................................................................................47	  	  
Conclusion.........................................................................................................................................................52	  	  
References.........................................................................................................................................................53	  	  
Appendices.......................................................................................................................................................A1	  	   	  
	   I.	  COFECHA	  Outputs.........................................................................................................................A1	  	   	   1.	  Excursion	  Ridge	  (2007)	  
	   	   2.	  Repeater	  Station	  
	   	   3.	  Wright	  Mountain	  	  
	   II.	  PCREG	  Output............................................................................................................................A23	  	   	  	  
	   4	  
Background	  
	  	   Understanding	  what	  forces	  climate	  is	  especially	  important	  as	  climate	  is	  changing	  today.	  The	  Pacific	  Decadal	  Oscillation	  (PDO)	  is	  a	  primary	  driver	  of	  Northeast	  Pacific	  climate.	  A	  recent	  study	  by	  Wang	  et	  al.	  (2012)	  suggests	  that	  strong	  volcanic	  eruptions	  (SVEs)	  can	  affect	  North	  Pacific	  climate,	  and	  ultimately	  may	  force	  the	  PDO	  into	  a	  negative	  phase.	  This	  study	  first	  examines	  two	  undocumented	  volcanic	  eruptions	  using	  tree-­‐ring	  width	  data	  from	  the	  Gulf	  of	  Alaska,	  and	  then	  goes	  on	  to	  analyze	  the	  hypothesis	  from	  Wang	  et	  al.	  (2012)	  by	  using	  the	  same	  tree-­‐ring	  data	  to	  reconstruct	  the	  PDO.	  
	  
	  	  
Geologic	  and	  Climate	  Setting	  of	  the	  Gulf	  of	  Alaska	  	  	  	   This	  study	  was	  conducted	  along	  the	  Gulf	  of	  Alaska,	  in	  the	  North	  Pacific	  (Figure	  1).	  It	  is	  a	  tectonically	  active	  region,	  which	  includes	  the	  convergence	  of	  the	  North	  American	  Plate,	  Pacific	  Plate,	  and	  smaller	  Yakutat	  Terrane.	  Bounding	  the	  region	  to	  the	  east	  is	  the	  Queen	  Charlotte-­‐Fairweather	  transform	  fault	  system,	  to	  the	  west	  is	  the	  convergent	  Aleutian	  Trench,	  and	  to	  the	  north	  is	  the	  Transition	  fault	  system	  (Fruehn	  et	  al.,	  1999)	  (Figure	  2).	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Figure	  1.	  A	  map	  of	  the	  Gulf	  of	  Alaska,	  including	  cities	  and	  Glacier	  Bay	  National	  Park	  and	  Preserve	  (marked	  by	  trees)	  as	  references	  for	  where	  the	  majority	  of	  data	  for	  this	  study	  was	  taken.	  	  	   	  	  
	  
Figure	  2.	  The	  principal	  tectonic	  features	  of	  the	  Gulf	  of	  Alaska,	  including	  the	  convergence	  of	  the	  North	  American	  Plate,	  Pacific	  Plate,	  and	  Yakutat	  Terrane,	  as	  well	  as	  the	  Queen	  Charlotte	  Fairweather	  fault,	  Transition	  fault,	  and	  Aleutian	  Trench	  (Fruehn	  et	  al.,	  1999,	  fig.	  1).	  *Note	  that	  Fig.	  2	  referred	  to	  in	  this	  image	  refers	  to	  a	  figure	  from	  the	  original	  text	  (Fruehn	  et	  al.,	  1999),	  and	  that	  the	  box	  could	  not	  be	  removed	  from	  the	  image.	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Figure 1. The Gulf of Alaska. Location of study area (rectangle) and principal tectonic features are shown: plate 
margins and relative motions (Ale ti n Tr nch, Transition F ult, and Queen Charlotte Fault), the Su veyor, Zodiac, 
a d Baranoff de p sea fans (fan boundaries shown in thin lines), seamounts, and th  Yakutat Terrane, whose 
southern boundary is marked by a magnetic anomaly (dashed line). 
site 178 [Kulm et al., 1973]), deep sea fan deposits (Surveyor 
Fan), and trench fill sediment. The fan deposits include two 
&positional sequences that are separated in seismic records by a 
strong continuous reflector [Stevenson and Embley, 1987]. The 
lower sequence contains interbedded muds, diatomaceous 
sediment, and thin, poorly sorted silt and sand turbidites [Kulm et 
al., 1973]. This sediment ranges in age from Pliocene to earliest 
Miocene. On seismic records this unit produces continuous 
low-frequency reflections. The upper Surveyor Fan sequence is 
grey mud with ice-rafted erratics. These sediments produce 
high-frequency, unevenly spaced reflections with laterally 
variable amplitudes. Trench fill sediment was cored at DSDP site 
180 [Kulm et al., 1973] and consists mainly of graded silt 
turbidites and interbedded muds with silt laminae and ice-rafted 
erratics of late Pleistocene age. Accordingly, the acoustic 
character varies between sharp, continuous, evenly spaced, 
high-frequency reflections and weak, irregularly spaced, less 
continuous reflections. These stratigraphic units were identified in 
the Edge profile based on their seismic character at the two DSDP 
boreholes. The seismic lines presented in this paper (Figures 1 
and 2) show that the thickness of the Surveyor Fan sediment is 
constant (-1.2 km), whereas the trench fill thickness at the 
deformation front doubles from 1.2 km (line 15) to 2.5 km 
(Hinchinbrook line). 
3. Database 
3.1. Bathymetry 
The bathymetric data displayed in Figures 2 and 3 were 
assembled from high-resolution swath mapping surveys [Flueh et 
al., 1994; National Oceanic and Atmospheric Administration 
(NOAA), unpublished data, 1985], and conventional data 
[Dunlavey et al., 1980]. Data from the south [Flueh et al. 1994] 
were recorded with "Hydrosweep" on FS SONNE and were 
processed with the multibeam manipulation and processing 
system of Caress and Chayes [1994]. The NOAA data cover the 
northeastem part of the Gulf of Alaska. Conventional data extend 
over part of the shelf and are shown to relate important regional 
drainage systems uch as the Amatuli Trough and the Hinchin- 
brook Seavalley to the continental slope. 
3.2. Seismic Reflection Lines 
In 1981, the U.S. Geological Survey acquired a series of dip 
lines (12, 13, 14, and 15) and a strike line (18). The seismic 
system consisted of an air gun array of 21.7 L and a 2.4-km, 
24-group streamer having a 100 m group interval. Shot points 
were spaced at 50 m yielding 24-fold data. The Edge, 
Hinchinbrook, and TACT lines (Figure 2) were acquired in 1988 
with a more powerful seismic system: the air gun array totaled 
126 L and the streamer was 4 km long and had 160 groups paced 
at 25 m. A shot spacing of 50 m yielded 40-fold data. 
Hinchinbrook and TACT are lines from the Trans-Alaska Crustal 
Transect project. Edge and TACT are included here to allow a 
regional view of the margin. Edge is located in the vicinity of 
four boreholes (DSDP 178, 180, and 181 and KSSD 2 in 
Figure 2) and is the main reference for seismic stratigraphy. 
The processing applied to the 1981 data and the Hinchinbrook 
line consisted of noise reduction methods uch as frequency 
filtering, &convolution, and multiple suppression [Fruehn, 
1995]. For prestack depth migration we used a finite difference 
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   Along	  the	  Gulf	  of	  Alaska	  are	  the	  world’s	  highest	  coastal	  mountains,	  formed	  by	  the	  movement	  of	  the	  converging	  plates	  and	  terrane,	  which	  continue	  to	  rise	  at	  a	  rate	  of	  about	  10	  –	  30	  mm/year	  (Pavlis	  et	  al.,	  2004).	  Most	  of	  the	  mountain	  building	  began	  about	  30	  million	  years	  ago	  when	  the	  Yakutat	  terrane	  broke	  from	  the	  Cordilleran	  margin	  and	  moved	  north	  along	  the	  Fairweather	  strike	  slip	  fault.	  The	  terrane	  later	  collided	  with	  the	  North	  American	  Plate	  approximately	  five	  to	  10	  million	  years	  ago	  (Pavlis	  et	  al.,	  2004).	  	  	   The	  climate	  of	  the	  Gulf	  of	  Alaska	  is	  strongly	  influenced	  by	  the	  Pacific	  Ocean,	  mountains	  along	  the	  coast,	  and	  ocean	  and	  circulation	  patterns.	  The	  Gulf	  is	  under	  the	  strong	  maritime	  influence	  of	  the	  North	  Pacific,	  which	  contributes	  to	  some	  of	  the	  highest	  annual	  precipitation	  in	  Alaska	  (1,473	  mm	  in	  Juneau),	  as	  well	  as	  high	  mean	  annual	  temperatures	  (January:	  -­‐6°C,	  July:	  14°C	  in	  Juneau)	  (Shulski	  and	  Wendler,	  2007;	  The	  Climate	  Source,	  2010)	  (Figure	  3).	  The	  mountainous	  terrain	  that	  characterizes	  the	  Gulf	  of	  Alaska	  also	  influences	  climate	  by	  trapping	  in	  moisture	  from	  the	  ocean.	  Finally,	  oceanic	  and	  atmospheric	  circulation	  patterns,	  including	  the	  PDO,	  also	  affect	  the	  climate	  of	  the	  Gulf	  (Furtado	  et	  al.,	  2011).	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Figure	  3.	  A.	  Mean	  minimum	  January	  temperatures	  for	  1961	  through	  1990.	  B.	  Mean	  annual	  precipitation	  for	  1961	  through	  1990.	  Both	  figures	  show	  the	  Gulf	  of	  Alaska	  is	  significantly	  warmer	  and	  gets	  more	  precipitation	  compared	  to	  the	  rest	  of	  the	  state.	  Note	  that	  the	  study	  region	  is	  within	  the	  warmest	  and	  wettest	  area	  of	  the	  state	  (The	  Climate	  Source,	  2010).	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The	  Pacific	  Decadal	  Oscillation	  
	  
	  	   One	  of	  the	  reasons	  why	  higher	  precipitation	  and	  warmer	  temperatures	  characterize	  Gulf	  of	  Alaska	  climate	  is	  because	  of	  the	  Pacific	  Decadal	  Oscillation	  (PDO),	  which	  is	  one	  of	  the	  main	  drivers	  of	  North	  Pacific	  climate.	  The	  PDO	  is	  defined	  as	  the	  leading	  principal	  component	  of	  monthly	  North	  Pacific	  sea	  surface	  temperature	  (SST)	  variability	  in	  the	  Northeast	  Pacific	  Ocean,	  but	  also	  involves	  sea	  level	  pressure	  (SLP)	  and	  surface	  wind	  variability	  (Davis,	  1976;	  Mantua	  and	  Hare,	  2000;	  Mantua	  and	  Hare,	  2002;	  Furtado	  et	  al.,	  2011)	  (Figure	  4).	  Observed	  PDO	  data	  from	  1900	  through	  the	  present	  shows	  that	  the	  PDO	  works	  on	  an	  interdecadal	  time	  scale	  of	  20-­‐30	  year	  cycles,	  shifting	  between	  warm	  and	  cool	  phases	  (Figure	  5).	  Warm,	  positive	  phases	  of	  the	  PDO	  are	  characterized	  by	  counterclockwise	  atmospheric	  circulation,	  which	  brings	  warm,	  damp	  air	  to	  the	  Gulf	  of	  Alaska	  and	  increases	  precipitation.	  Cool,	  negative	  phases	  of	  the	  PDO	  are	  opposite	  conditions	  with	  clockwise	  atmospheric	  circulation	  that	  brings	  cooler	  and	  drier	  conditions	  (Mantua	  et	  al.,	  1997;	  Mantua	  and	  Hare,	  2002).	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Figure	  4.	  Typical	  winter	  sea	  surface	  temperature	  (colors),	  sea	  level	  pressure	  (contours),	  and	  surface	  wind	  (arrows)	  anomaly	  patterns	  for	  warm	  phases	  of	  the	  PDO	  (left)	  and	  cool	  phases	  (right)	  (Mantua	  and	  Hare,	  2000).	  	  	  	  	  
	  
Figure	  5.	  Observed	  monthly	  PDO	  values	  for	  1900	  through	  August	  2012	  (Mantua	  and	  Hare,	  2000).	  	   	  	  	   The	  forcing	  of	  the	  PDO	  is	  enigmatic,	  yet	  several	  possible	  forcers	  of	  this	  climate	  variability	  have	  been	  identified.	  Studies	  have	  found	  that	  PDO	  cycles	  relate	  to	  and	  are	  possibly	  forced	  by	  five	  different	  variables:	  El	  Niño	  Southern	  Oscillation	  (ENSO),	  atmospheric	  circulation,	  ocean	  circulation,	  solar	  variability,	  and	  stochastic	  events,	  including	  strong	  volcanic	  eruptions	  (Wiles	  et	  al.,	  2004;	  Schneider	  and	  Cornuelle,	  2005;	  Velasco	  and	  Mendoza,	  2008;	  Chhak	  et	  al.,	  2009;	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Shakun	  and	  Shaman,	  2009;	  Wang	  et	  al.,	  2012).	  The	  PDO	  is	  often	  described	  as	  a	  climate	  pattern	  similar	  to	  ENSO,	  but	  with	  longer	  cycles.	  While	  ENSO	  works	  on	  a	  time	  scale	  of	  three	  to	  five	  years	  and	  the	  PDO	  on	  a	  time	  scale	  of	  20-­‐30	  years,	  comparisons	  of	  the	  two	  climate	  cycles	  provide	  evidence	  for	  the	  PDO	  being	  partially	  a	  response	  to	  ENSO	  (Schneider	  and	  Cornuelle,	  2005;	  Shakun	  and	  Shaman,	  2009).	  A	  second	  connection	  has	  been	  made	  between	  the	  PDO	  and	  atmospheric	  circulation,	  particularly	  the	  Aleutian	  low	  (Schneider	  and	  Cornuelle,	  2005;	  Chhak	  et	  al.,	  2009).	  The	  Aleutian	  low,	  which	  is	  almost	  as	  mysterious	  as	  the	  PDO,	  is	  a	  low-­‐pressure	  system	  associated	  with	  general	  circulation	  of	  the	  Northern	  Hemisphere.	  It	  is	  also	  a	  primary	  determinant	  of	  surface	  air	  temperature	  variability	  during	  winter	  months	  in	  the	  North	  Pacific	  (Overland	  et	  al.,	  1999;	  Rodionov	  et	  al.,	  2005).	  Similar	  to	  atmospheric	  circulation,	  a	  relationship	  has	  been	  found	  between	  ocean	  circulation	  and	  PDO	  cycles.	  Ekman	  transport,	  the	  movement	  of	  surface	  water	  by	  wind,	  as	  well	  as	  the	  North	  Pacific	  Gyre,	  one	  of	  the	  five	  major	  systems	  of	  ocean	  circulation,	  have	  both	  been	  linked	  to	  sea	  surface	  temperatures,	  which	  are	  a	  main	  component	  of	  the	  PDO	  (Chhak	  et	  al.,	  2009).	  The	  fourth	  possible	  forcer	  of	  the	  PDO	  is	  solar	  variability,	  based	  on	  the	  observation	  that	  negative	  PDO	  phases	  have	  occurred	  at	  the	  same	  time	  as	  solar	  minimum	  events,	  including	  the	  Maunder	  and	  Dalton	  minimums	  (Wiles	  et	  al.,	  2004;	  Velasco	  and	  Mendoza,	  2008).	  Finally,	  this	  study	  looks	  at	  effects	  strong	  volcanic	  eruptions	  have	  on	  the	  PDO,	  which	  includes	  testing	  the	  hypothesis	  that	  strong	  eruptions	  force	  the	  PDO	  into	  a	  negative	  phase	  (Wang	  et	  al.,	  2012).	  Each	  of	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these	  five	  variables	  likely	  play	  some	  role	  in	  forcing	  the	  PDO,	  which	  shows	  the	  complexity	  of	  this	  climate	  cycle.	  	  	  	  
The	  1698/9	  and	  1809	  Eruptions	  	  	  	  	   	  The	  two	  volcanic	  eruptions	  analyzed	  in	  this	  study,	  one	  in	  1698	  or	  1699	  and	  the	  other	  in	  1809,	  both	  had	  major	  impacts	  on	  Gulf	  of	  Alaska	  climate	  and	  possibly	  the	  PDO.	  Volcanic	  signals	  identified	  in	  both	  ice	  cores	  and	  tree-­‐rings	  provide	  evidence	  for	  these	  climatic	  effects.	  	   Evidence	  from	  ice	  cores,	  including	  oxygen	  isotope	  (δ18O,	  or	  the	  measure	  of	  18O:16O)	  anomalies,	  sulfur	  dioxide	  (SO2)	  anomalies,	  and	  ash	  layers,	  can	  be	  used	  to	  identify	  volcanic	  eruptions	  (Dai	  et	  al.,	  1991;	  Mosley-­‐Thompson	  et	  al.,	  2003).	  When	  correlated	  with	  other	  volcanic	  signals,	  oxygen	  isotope	  values	  can	  be	  used	  as	  markers	  for	  volcanic	  eruptions	  because	  they	  fluctuate	  depending	  on	  temperatures.	  δ18O	  peaks	  found	  in	  ice	  cores	  represent	  cooler	  time	  periods	  likely	  caused	  by	  volcanically	  forced	  cooling.	  Sulfur	  dioxide,	  a	  main	  component	  of	  volcanic	  gasses,	  can	  also	  be	  found	  in	  ice	  cores.	  It	  normally	  oxidizes	  into	  sulfate	  (SO42-­‐)	  or	  sulfuric	  acid	  (H2SO4),	  both	  of	  which	  show	  up	  as	  layers	  in	  ice	  cores	  following	  volcanic	  eruptions.	  Finally,	  the	  ash	  that	  is	  ejected	  from	  volcanoes	  can	  also	  be	  found	  in	  ice	  cores	  and	  used	  to	  identify	  eruption	  events.	  	  	   Evidence	  from	  annual,	  exactly	  dated	  tree-­‐ring	  records,	  including	  ring-­‐width	  data,	  maximum	  latewood	  density	  data,	  and	  frost	  rings,	  can	  also	  be	  used	  to	  identify	  volcanic	  events.	  Trees	  in	  the	  Gulf	  of	  Alaska	  are	  temperature	  sensitive,	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meaning	  that	  tree-­‐ring	  width	  data	  and	  maximum	  latewood	  density	  data	  both	  show	  high	  correlations	  with	  mean	  temperature	  data	  from	  the	  area	  (Conkey,	  1979;	  Briffa	  et	  al.,	  1998).	  The	  sensitivity	  of	  the	  trees	  to	  temperature	  makes	  it	  possible	  to	  use	  either	  tree-­‐ring	  width	  data	  or	  maximum	  latewood	  density	  data	  to	  reconstruct	  past	  temperatures.	  Volcanic	  eruptions	  can	  be	  seen	  in	  temperature	  reconstructions	  by	  looking	  for	  periods	  of	  cooling	  (identified	  by	  a	  decrease	  in	  ring	  width	  or	  density	  values)	  that	  last	  around	  three	  to	  five	  years.	  In	  addition	  to	  width	  and	  density	  data,	  frost	  rings	  caused	  by	  intense	  cooling	  are	  sometimes	  found	  in	  the	  tree-­‐ring	  record	  following	  volcanic	  eruptions	  (D’Arrigo	  and	  Jacoby,	  1999).	  These	  three	  data	  records	  have	  all	  been	  used	  to	  provide	  further	  evidence	  for	  volcanic	  eruptions	  in	  1698/9	  and	  1809.	  	   Of	  the	  two	  eruptions	  analyzed	  in	  the	  study,	  less	  is	  known	  about	  the	  one	  in	  1698/9,	  which	  has	  not	  been	  studied	  as	  intensely	  as	  the	  later	  1809	  eruption.	  While	  studies	  using	  ice	  cores	  have	  not	  focused	  on	  this	  eruption,	  tree-­‐ring	  data	  clearly	  shows	  that	  there	  was	  a	  volcanic	  event	  around	  this	  time.	  Briffa	  et	  al.	  (1998)	  looks	  at	  years	  of	  extremely	  low	  tree-­‐ring	  latewood	  density	  in	  Northern	  Hemisphere	  trees	  over	  the	  past	  600	  years,	  and	  finds	  that	  1698	  and	  1699	  were	  ranked	  9th	  and	  11th	  in	  lowest	  densities	  (Figure	  6).	  Another	  study	  postulates	  an	  eruption	  in	  1699	  based	  on	  significantly	  low	  latewood	  density	  values	  for	  trees	  along	  the	  northern	  tree	  line	  in	  North	  America	  (D’Arrigo	  and	  Jacoby,	  1999).	  A	  third	  study	  by	  Salzer	  and	  Hughes	  (2007)	  uses	  Bristlecone	  pine	  trees	  to	  find	  that	  1701	  and	  1702	  are	  years	  with	  extremely	  low	  density	  values,	  and	  also	  correspond	  with	  the	  presence	  of	  sulfate	  deposition	  in	  ice	  cores	  from	  both	  poles.	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Figure	  6.	  The	  average	  of	  Northern	  Hemisphere	  tree-­‐ring	  latewood	  density	  chronologies.	  Note	  that	  the	  1698/9	  eruption	  is	  identified,	  and	  is	  in	  the	  top	  11	  most	  negative	  density	  anomalies	  (Briffa	  et	  al.,	  1998,	  fig.	  1).	  	  	   The	  eruption	  in	  1809	  shows	  up	  clearly	  in	  both	  ice	  cores	  (Dai	  et	  al.,	  1991;	  Mosley-­‐Thompson	  et	  al.,	  2003;	  Yalcin	  et	  al.,	  2006;	  Cole-­‐Dai	  et	  al.,	  2009)	  and	  tree-­‐rings	  (Chenoweth,	  2001;	  Salzer	  and	  Hughes,	  2007).	  This	  eruption	  is	  sometimes	  overshadowed	  by	  Tambora,	  a	  large,	  well-­‐known	  eruption	  occurring	  several	  years	  later	  in	  1815.	  However,	  peaks	  in	  sulfate	  (SO42-­‐)	  concentrations	  in	  ice	  cores	  from	  both	  Antarctica	  and	  Greenland	  provide	  evidence	  that	  an	  eruption	  did	  occur	  in	  1809	  (Dai	  et	  al.,	  1991).	  Tree-­‐ring	  density	  data	  provides	  further	  evidence,	  and	  goes	  on	  to	  suggest	  that	  the	  1809	  eruption	  had	  significant	  cooling	  effects	  (Chenoweth,	  2001).	  Additionally,	  sulfuric	  acid	  (H2SO4)	  and	  ash	  levels	  from	  ice	  cores	  in	  the	  Yukon	  and	  Antarctic	  place	  the	  1809	  eruption	  among	  the	  largest	  in	  the	  past	  few	  centuries	  (Yalcin	  et	  al.,	  2006).	  	  	   There	  are	  three	  studies	  that	  have	  debated	  over	  the	  location	  of	  the	  1809	  eruption,	  specifically	  whether	  this	  event	  was	  one	  large	  tropical	  eruption,	  a	  large	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the same time. Other strong cooling events occurred in 1453,
seemingly confirming a 1452 date for the eruption of Kuwae,
southwest Pacific, and in 1641/42, 1666, 1695 and 1698.
A number of published regional dendroclimatic temperature
reconstructions have made passing reference to the coincidence
between certain localized cold summers and the dates of various
volcanic eruptions3,4, and some potential for identifying large
volcanic signals has been identified in a combined set of North
American and European chronologies5. Recently, the network of
wood-density chronologies has expanded greatly and now encom-
passes the northern boreal forest regions of Siberia so that, for the
first time, it spans the entire Northern Hemisphere, currently
incorporating replicated series from over 380 locations.
The tree-ring series that constitute each site chronology were
detrended to remove possible bias associated with changes in the age
of the sample trees, so that each chronology and the overall mean
record is expected to preserve interannual and decadal timescales of
temperature variability with greatest fidelity (see Methods section).
It is generally accepted that large-scale temperature variability on
just these timescales is influenced by the frequency and magnitude
of large volcanic eruptions6. However, the extent to which the
strength of this influence can be tested beyond the confines of the
twentieth century is limited by the poor availability of volcanic and
climate histories which, of necessity, should be highly resolved and
precisely dated7,8. We examine the evidence for volcanic forcing of
Northern Hemisphere (NH) summer temperatures by comparing
our average NH tree-ring-density record with previous proxies of
large-scale volcanic activity and with the historical record of large
eruptions over the past 600 years. We do not assume that these tree-
ring data represent surface temperature perfectly, or that all low-
density values are forced by volcanic eruptions5. However, we do
consider that the breadth of temperature sensitivity and firm dating
control in our data provide as rigorous a basis for examining the
nature of a volcano/temperature link over recent centuries as any
achieved to date.
Two methods of using the site density series to construct a mean
NH record have been explored. In each, time-dependent changes in
site spatial coverage are accounted for by adjusting the variance, in
accord with the diminishing number of sites, especially in the early
data (see Methods section). The two derived records are, never-
theless, highly correlated (r ¼ 0:92, AD 1400–1990) and similar
extreme values are indicated in the lowest 5% of the distribution
of each of them (Table 1). The (preferred) NH density record,
NHD1 (Fig. 1), formed as the average of 5 subcontinental-scale
mean density series (Fig. 2), correlates with a series of instrumental
summer (April–September) average temperatures9 combined over
the areas corresponding to the chronology sites2 at r ¼ 0:76 (AD
1881–1960; pp 0:01 after correcting degrees of freedom for auto-
correlation). The correlation for the same summer season with
temperatures averaged over the whole Northern Hemisphere (land
and marine regions) is r ¼ 0:57. We note that after 1960, there is a
reduction in the decadal-timescale correspondence between the
instrumental temperature records and the density series, possibly
reflecting some large-scale anthropogenic influence causing the
densities to decline2.
The most representative syntheses of past large-scale volcanic
activity are generally recognised as the dust veil index (DVI)10, the
volcanic explosivity index (VEI)11 and the ice-core volcanic index
(IVI)12. Each emphasises a different aspect of eruption activity. All
have some inadequacy in spatial and temporal representation and
some imprecision in resolution and dating.The IVI, which quanti-
fies widespread ice acidity and the DVI, should contain a significant
temperature ‘signal’. The VEI, which measures only the magnitude
of eruptions and takes no account of likely atmospheric aerosol
production, might be expected to show the lowest correlation with
temperature11. The NH summer temperature correlations with
these series (DVI, !0.37; VEI, !0.35; IVI, !0.33; AD 1881–1960)
are all lower than for NHD1.
The correlations between the yearly values of NHD1 (truncated
above 0) and each of these series are all statistically significant
(p ¼ 0:01 or better). (DVI (1500–1990), !0.33; VEI and IVI (1400–
1990) !0.24 and !0.32, respectively; see also Supplementary
Information). Correlations based on non-overlapping five-year
averages (hence reducing the effect of delayed spatial responses
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Figure 1 The NHD1 average of NH tree-ring-density chronologies. Values are
shown as standardized anomalies from the AD 1881–1960 period (left-hand axis)
and in the form of regression-based estimates of NH mean temperature
anomalies (right-hand axis). The dates of a number of extreme low values are
indicated (see Table 1). The curve shows bidecadal smoothed values. The main
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These data and those for NHD2 (see Methods section) are available from the
NOAA NGDC palaeoclimate database (http://www.ngdc.noaa.gov/paleo.html).
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tropical	  eruption	  and	  a	  less	  explosive	  high-­‐latitude	  eruption,	  or	  two	  smaller	  to	  moderate	  eruptions	  at	  high-­‐latitudes	  in	  both	  hemispheres	  (Dai	  et	  al.,	  1991;	  Yalcin	  et	  al.,	  2006;	  Cole-­‐Dai	  et	  al.,	  2009).	  Originally,	  Dai	  et	  al.	  (1991)	  suggests	  that	  the	  presence	  of	  both	  SO42-­‐	  and	  δ18O	  peaks	  in	  ice	  cores	  from	  Greenland	  and	  Antarctica	  are	  reflective	  of	  a	  large,	  low	  latitude	  (~20°N-­‐20°S)	  eruption	  (Figure	  7).	  The	  second	  study	  (Yalcin	  et	  al.,	  2006)	  uses	  further	  evidence	  to	  provide	  the	  alternate	  argument	  that	  in	  1809	  there	  was	  either	  1)	  a	  main,	  large	  tropical	  eruption	  and	  a	  less	  explosive,	  high-­‐latitude	  eruption,	  or	  2)	  two	  smaller	  to	  moderate	  eruptions	  at	  high-­‐latitudes	  in	  both	  hemispheres.	  The	  evidence	  for	  this	  argument	  is	  based	  on	  differences	  in	  chemical	  composition	  of	  ash	  found	  in	  an	  ice	  core	  from	  the	  Yukon	  compared	  to	  two	  cores	  from	  Antarctica.	  Finally,	  the	  most	  recent	  study	  (Cole-­‐Dai	  et	  al.,	  2009)	  argues	  that	  based	  on	  a	  sulfur	  isotope	  anomaly	  (Δ33S),	  a	  large	  stratospheric	  eruption	  occurred	  in	  1809	  (not	  a	  tropospheric	  eruption	  as	  Yalcin	  et	  al.	  (2006)	  claims)	  and	  that	  this	  eruption	  occurred	  in	  the	  tropics.	  This	  conclusion	  is	  also	  consistent	  with	  the	  possibility	  that	  an	  additional,	  smaller	  eruption	  might	  have	  occurred	  at	  about	  the	  same	  time.	  While	  the	  size	  and	  location	  of	  the	  eruption	  (or	  eruptions)	  in	  1809	  are	  debatable,	  it	  is	  certain	  that	  there	  was	  significant	  volcanic	  activity	  this	  year,	  which	  notably	  impacted	  climate.	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Figure	  7.	  Sulfate	  concentrations	  from	  core	  A	  and	  core	  B,	  two	  Antarctic	  ice	  cores	  several	  meters	  away	  from	  each	  other,	  as	  well	  as	  δ18O	  values	  for	  core	  A.	  The	  sulfate	  concentration	  graphs	  show	  significant	  peaks	  in	  both	  1816	  (Tambora)	  and	  1809	  (undocumented	  eruption),	  both	  representing	  strong	  volcanic	  eruptions.	  The	  peak	  in	  δ18O	  that	  correlates	  with	  the	  sulfate	  peaks	  is	  also	  indicative	  of	  a	  volcanic	  eruption	  in	  1809	  (Dai	  et	  al.,	  1991,	  fig.	  2).	   	  	  	  	  	  
Volcanic	  Cooling	  through	  SVEs	  	  	  	   Strong	  volcanic	  eruptions	  like	  the	  ones	  in	  1698/9	  and	  1809	  inject	  different	  gasses,	  including	  H2O,	  CO2,	  and	  SO2,	  as	  well	  as	  ash,	  into	  the	  atmosphere.	  The	  ash	  particles	  normally	  remain	  in	  the	  atmosphere	  for	  several	  months	  at	  most	  and	  therefore	  do	  not	  usually	  have	  a	  strong	  climatic	  impact	  (Robock,	  2000).	  Of	  the	  three	  primary	  gasses,	  H2O	  and	  CO2	  are	  already	  so	  abundant	  in	  the	  atmosphere	  that	  their	  emissions	  through	  eruptions	  also	  fail	  to	  have	  significant	  climatic	  effects.	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   The	  most	  important	  driver	  in	  climate	  change	  through	  volcanic	  eruptions	  is	  sulfur	  (SO2),	  which	  oxidizes	  to	  become	  either	  sulfate	  (SO42-­‐)	  or	  sulfuric	  acid	  (H2SO4)	  (Figure	  8).	  This	  aerosol	  is	  responsible	  for	  the	  majority	  of	  radiative	  cooling	  associated	  with	  eruptions,	  which	  can	  last	  in	  the	  atmosphere	  for	  an	  average	  of	  three	  years	  after	  a	  large	  eruption	  (Robeck,	  2000).	  As	  sulfur	  is	  released	  following	  an	  eruption,	  both	  warming	  and	  cooling	  of	  the	  atmosphere	  occur.	  The	  stratosphere	  is	  warmed	  as	  particles	  absorb	  infrared	  and	  near-­‐infrared	  radiation.	  In	  contrast,	  the	  troposphere,	  the	  lowest	  portion	  of	  Earth’s	  atmosphere,	  is	  cooled	  as	  incoming	  solar	  radiation	  that	  would	  normally	  warm	  the	  surface	  of	  Earth	  is	  reflected	  back	  into	  space	  (Zanchettin	  et	  al.,	  2011;	  Timmreck	  et	  al.,	  2012).	  	  
	  
Figure	  8.	  Schematic	  diagram	  of	  the	  effects	  of	  a	  strong	  volcanic	  eruption	  (Timmreck	  et	  al.,	  2012,	  fig.	  1).	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FIGURE 1 | Schematic overview of the climate effects after a very large volcanic eruption.21–23 (Reprinted with permission from Ref. 24 Copyright
2011 Elsevier Ltd.)
climate effects are especially evident if the aerosol con-
centration is enhanced after large volcanic eruptions.
After the Pinatubo eruption in June 1991, which is
the best observed eruption so far, a global maximum
cooling of 0.4 K12,13 and a stratospheric temper-
ature increase of 2–3 K14 was detected which led
to a decrease in tropopause height.15 Furthermore,
a decrease in stratospheric ozone16 and significant
changes of the hydrological cycle were observed,
such as a reduction in tropical precipitation,17 river
runoff,18 and sea level height19 as well as a drying of
the troposphere.20
At the turn of the last millennium two influential
review articles about volcanic eruptions and climate
were published23,25 summarizing the state of the
art at that time. While Zielinski focused on the
application of paleo records to understand the effects
of volcanism in the climate system, Robock in
particular discussed scientific results based on studies
of the 1991 Pinatubo and 1982 El Chicho´n eruptions.
The review by Robock also provided a detailed
overview of model simulations investigating the
atmospheric impacts of the 1991 Pinatubo eruption.
In 2010, Cole-Dai26 summarized the most significant
accomplishments in the last decade particularly related
to the interpretation of ice-core volcanic records. Here,
I will focus on recent advances in the simulation
of the climate effects of volcanic eruptions. Since
major volcanic eruptions have a strong impact on all
compartments of the Earth system (Figure 1) they are
an excellent test bed for evaluating comprehensive
climate models in general and Earth system models
(ESMs) in specific. ESMs are global climate models
with the added capability to explicitly represent
biogeochemical processes that interact with the
physical climate.27 Most notably in the last years,
an increasing amount of model studies appeared
which considered not only the impact of eruptions
on atmospheric composition and dynamics, but also
the impact on ocean heat content and dynamics,28,29
marine and terrestrial biogeochemistry,30–32 and the
cryosphere.28,33 I will concentrate in particular on
these complex climate model studies.
Large volcanic eruptions are often considered
as a fairly good analogue for climate engineering
experiments to counteract global warming34 and
received therefore much attention in the last years.
In particular the 1991 Pinatubo eruption serves as
a natural experiment allowing to investigate possible
side effects. However, the atmospheric duration time
of the volcanic disturbance is much shorter (several
years versus decades) and the corresponding emission
flux in general much stronger than in the climate engi-
neering scenarios. Therefore, microphysical processes
and radiative forcing will differ between both cases.
For climate engineering model studies the reader is
referred to, for example, Ref 35.
FORMATION AND DEVELOPMENT
OF VOLCANIC AEROSOLS
One of the largest uncertainties of the simulated
climatic effects of large volcanic eruptions can be
546  2012 John Wiley & Sons, Ltd. Volume 3, November/December 2012
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SVE	  Forcing	  of	  the	  PDO	  	  	  	   A	  recent	  modeling	  study	  suggests	  that	  tropical	  SVEs	  (30°N-­‐30°S)	  can	  force	  changes	  in	  the	  climate	  system	  on	  larger	  scales	  than	  the	  warming	  of	  the	  stratosphere	  and	  cooling	  of	  the	  troposphere.	  Wang	  et	  al.	  (2012)	  uses	  models	  to	  examine	  how	  these	  SVEs	  affect	  climate,	  and	  finds	  that	  the	  eruptions	  can	  cause	  changes	  in	  circulation	  patterns	  and	  sea	  surface	  temperatures	  (SSTs)	  (Table	  1).	  The	  study	  concludes	  that	  these	  changes	  caused	  by	  SVEs	  can	  ultimately	  force	  the	  PDO	  into	  a	  negative	  phase	  (Figure	  9).	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Table	  1.	  A	  list	  of	  acronyms	  used	  in	  this	  text,	  which	  are	  especially	  relevant	  to	  figure	  9.	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Figure	  9.	  Long-­‐term	  effects	  and	  the	  large-­‐scale	  influence	  SVEs	  have	  on	  the	  atmosphere,	  including	  the	  ultimate	  result	  of	  forcing	  the	  PDO	  into	  a	  negative	  phase	  (Wang	  et	  al.,	  2012,	  fig.	  15).	  	  	  	   Figure	  9	  is	  the	  schematic	  diagram	  created	  by	  Wang	  et	  al.	  (2012)	  summarizing	  the	  hypothesized	  effects	  of	  tropical	  SVEs	  on	  North	  Pacific	  climate	  variability.	  First,	  SVEs	  eject	  aerosols	  that	  absorb	  outgoing	  longwave	  radiation	  and	  heat	  the	  stratosphere,	  especially	  in	  the	  tropics.	  The	  left	  side	  of	  the	  diagram	  shows	  that	  as	  tropical	  regions	  are	  heated	  more	  than	  polar	  areas,	  the	  pole-­‐to-­‐equator	  temperature	  gradient	  increases.	  This	  strengthens	  the	  North	  polar	  vortex	  and	  the	  Arctic	  Oscillation	  (AO),	  which	  causes	  a	  strong	  increase	  in	  North	  Pacific	  Index	  (NPI)	  values.	  The	  westerly	  jet	  at	  mid-­‐latitudes	  is	  then	  weakened,	  but	  strengthened	  in	  tropic	  and	  polar	  regions.	  This	  causes	  anticyclonic	  surface	  winds	  over	  the	  North	  Pacific.	  	  
the SEA on the LF Nin˜o 3 SST index, where the negative
signal is significant from the 5th post–eruption winter
(Fig. 6b). This result is in accordance with Zanchettin et al.
(2011) who also found a negative ENSO signal in response
to SVEs. Furthermore, this kind of La Nin˜a pattern (or cold
tropical SST pattern) has previously been shown to weaken
the Hadley circulation (e.g. Zhou and Wang 2006). This is
to some extent supported by this study, where a weakening
and northward displacement of the Hadley circulation can
be found in response to the volcanically induced La Nin˜a
states in EXT600. This is illustrated in Fig. 14, where the
composite meridional mass streamfunction anomalies over
the North Pacific are shown for the third phase. Significant
negative anomalies are present at 20!N, while positive
anomalies can be seen at 40!N, indicating a weakening and
a northward shift of the Hadley circulation during this
period. The subdued Hadley circulation and the cold SSTs
in the tropics would also likely be associated with retracted
westerly winds across the central North Pacific (Gu and
Philander 1997; Zhou et al. 2008). Therefore, it seems
plausible that the PDO is also connected to the tropical
variability via the Hadley circulation, an atmospheric
bridge (Lau and Nath 1996; Liu and Alexander 2007).
However, dedicated sensitivity experiments and more in–
depth analysis would probably be needed in order to further
elaborate on this question.
Figure 15 summarizes our understanding of the pro-
cesses involved in the responses of the NPDV to the
tropical SVEs as found in the present study. First, after
tropical SVEs large amounts of volcanic aerosols are
released to the lower stratosphere where they typically will
last for 2–3 years in the lower stratosphere. The aerosols
absorb more of the outgoing longwave radiation thus
heating the lower stratosphere, particular in the tropics. As
a result, the pole–to–equator temperature gradient increa-
ses, which results in a stronger North polar vortex and AO.
Due to the strengthened polar vortex, dipole anomalies in
the zonal–mean zonal winds appear in the lower strato-
sphere. Through troposphere–stratosphere coupling and
positive feedbacks in the troposphere, the westerly jet is
significantly weakened in the mid–latitude, but strength-
ened in the tropics and polar region. This in turn leads to
anomalous anticyclonic surface winds over the North
Pacific and a strong increase of NPI values.
In the tropics, the volcanic aerosols reduce the SNH
fluxes and the SSTs become gradually colder and enter a
La Nin˜a–like state. In response to this, the Hadley circu-
lation over the subtropical North Pacific weakens, which
again reduces the surface westerlies over the North Pacific.
The weakened westerlies across the central North Pacific
together with the anomalously anticyclonic winds over the
North Pacific lead to a large–scale heating of the North-
western Pacific and a cooling over the eastern and high–
latitude North Pacific. At the same time, these responses
also induce substantial changes in the oceanic advections
over the North Pacific. The net effect of the changes in the
oceanic currents is that warm water is accumulated in the
Northwestern Pacific whereas cold water is accumulated in
Fig. 15 Schematic diagram of the mechanisms at play in the
simulated response of NPDV to tropical SVEs
Fig. 14 Cross sections of the composite meridional mass stream-
function anomalies (160!E–140!W, unit: 1010 kg s-1) for post–
eruption winter during the third phase. The contours represent the
composite meridional mass streamfunction for pre–eruption winters
states. Areas with confidence level exceeding 95 % are denoted with
dots
Strong tropical volcanic eruptions
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   The	  right	  side	  of	  the	  diagram	  shows	  that	  as	  volcanic	  aerosols	  reduce	  surface	  heat	  fluxes	  of	  the	  North	  Pacific,	  SSTs	  become	  colder.	  This	  weakens	  Hadley	  circulation	  over	  the	  subtropical	  North	  Pacific,	  which	  also	  weakens	  the	  westerly	  jet	  at	  mid-­‐latitudes.	  The	  result	  is	  large-­‐scale	  heating	  of	  the	  Northwestern	  Pacific	  and	  cooling	  of	  the	  high-­‐latitude	  Northeastern	  Pacific.	  Finally,	  warm	  water	  pooling	  in	  the	  Northwestern	  Pacific	  and	  cold	  water	  pooling	  in	  the	  Northeastern	  Pacific	  ultimately	  force	  the	  PDO	  into	  a	  negative	  phase	  (Wang	  et	  al.,	  2012).	  While	  this	  diagram	  proposes	  a	  complicated	  process	  that	  occurs	  following	  a	  volcanic	  eruption,	  the	  most	  important	  part,	  in	  terms	  of	  this	  study,	  is	  the	  ultimate	  forcing	  of	  the	  PDO	  into	  a	  negative	  phase.	  	  	  	  	  
A	  Previous	  PDO	  Reconstruction	  	  	  	   In	  order	  to	  learn	  more	  about	  Northeast	  Pacific	  climate	  and	  the	  PDO,	  D’Arrigo	  et	  al.	  (2001)	  published	  a	  PDO	  reconstruction	  that	  uses	  tree-­‐ring	  width	  data,	  tree-­‐ring	  density	  data,	  and	  drought	  reconstructions.	  In	  order	  to	  reconstruct	  the	  PDO,	  D’Arrigo	  et	  al.	  (2001)	  uses	  seven	  tree-­‐ring	  width	  chronologies	  and	  one	  tree-­‐ring	  density	  chronology	  from	  the	  Gulf	  of	  Alaska,	  one	  density	  chronology	  from	  Oregon,	  and	  two	  drought	  reconstructions	  from	  Mexico,	  all	  of	  which	  show	  positive	  correlations	  with	  the	  annual	  PDO	  (Figure	  10).	  The	  study	  then	  uses	  principal	  component	  regression	  analysis	  to	  produce	  the	  PDO	  reconstruction,	  which	  accounts	  for	  53%	  of	  the	  variance	  over	  the	  common	  period	  from	  1900-­‐1879.	  The	  study	  then	  creates	  a	  second	  reconstruction	  in	  order	  to	  extend	  the	  PDO	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back	  to	  AD	  1700.	  This	  version	  uses	  only	  eight	  of	  the	  11	  data	  series,	  and	  accounts	  for	  44%	  of	  the	  explained	  variance	  (D’Arrigo	  et	  al.,	  2001)	  (Figure	  11).	  This	  version	  with	  a	  slightly	  lower	  level	  of	  explained	  variance	  is	  the	  data	  that	  will	  be	  used	  in	  this	  study,	  which	  was	  chosen	  in	  order	  to	  use	  the	  longest	  PDO	  reconstruction	  available.	  The	  reconstruction	  shows	  the	  major	  shifts	  between	  positive	  (warm)	  and	  negative	  (cool)	  phases,	  which	  is	  characteristic	  of	  observed	  PDO	  data.	  	  
	  
Figure	  10.	  A	  map	  of	  the	  nine	  locations	  of	  tree-­‐ring	  chronologies	  (triangles)	  and	  the	  drought	  reconstructions	  from	  Mexico	  (stars)	  used	  to	  reconstruct	  the	  PDO.	  Note	  that	  these	  11	  sites	  are	  used	  in	  the	  reconstruction	  extending	  through	  1879.	  The	  reconstruction	  that	  extends	  through	  1700,	  and	  that	  is	  used	  in	  this	  study,	  utilizes	  data	  from	  eight	  of	  these	  11	  sites	  (D’Arrigo	  et	  al.,	  2001,	  fig.	  1).	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Figure	  11.	  D’Arrigo	  et	  al.	  (2001)	  PDO	  reconstruction,	  including	  the	  1809	  volcanic	  eruption	  (marked	  by	  the	  star).	  	   	  	  	   The	  next	  section	  examines	  the	  1698/9	  and	  1809	  volcanic	  eruptions,	  and	  the	  effects	  of	  these	  SVEs	  on	  Gulf	  of	  Alaska	  climate	  using	  a	  network	  of	  tree-­‐ring	  chronologies	  from	  the	  Gulf	  of	  Alaska.	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Methods	  of	  Reconstruction	  of	  GOA	  Climate	  	  	  	   The	  goal	  of	  this	  study	  is	  to	  use	  tree-­‐ring	  data	  from	  the	  Gulf	  of	  Alaska	  to	  provide	  further	  evidence	  for	  volcanic	  eruptions	  in	  1698/9	  and	  1809,	  and	  then	  to	  use	  the	  same	  data	  to	  look	  at	  the	  effects	  these	  SVEs	  had	  on	  North	  Pacific	  climate.	  A	  previous	  study	  by	  Wang	  et	  al.	  (2012)	  uses	  models	  to	  suggest	  that	  SVEs	  can	  force	  the	  PDO	  into	  a	  negative	  phase.	  This	  study	  tests	  these	  models	  using	  tree-­‐ring	  data	  from	  the	  GOA	  to	  reconstruct	  the	  PDO.	  The	  reconstruction	  is	  then	  analyzed	  at	  the	  periods	  following	  the	  1698/9	  and	  1809	  eruptions.	  	   	  	   	  
Dendrochronology	  	  	  	   Fundamental	  to	  this	  study	  is	  the	  development	  of	  temperature	  sensitive	  tree-­‐ring	  series	  using	  dendrochronology	  to	  reconstruct	  climate.	  Dendrochronology	  is	  the	  science	  of	  using	  tree-­‐rings	  to	  determine	  calendar	  dates.	  By	  counting	  annual	  rings	  and	  crossdating	  them	  with	  known	  chronologies,	  the	  age	  of	  living	  or	  dead	  trees	  can	  be	  determined.	  Crossdating	  is	  the	  matching	  of	  tree-­‐rings	  with	  a	  known	  date	  to	  rings	  of	  unknown	  dates	  (Fritts,	  1976).	  The	  correlations	  of	  crossdated	  rings	  are	  based	  on	  patterns	  of	  annual	  rings,	  depending	  on	  the	  thickness	  of	  each	  ring	  (Figure	  12).	  Dating	  using	  tree-­‐rings	  is	  preferred	  to	  radiocarbon	  dating	  wood	  when	  possible,	  as	  tree-­‐ring	  dating	  is	  more	  precise	  and	  can	  date	  to	  the	  exact	  year,	  while	  radiocarbon	  dating	  can	  include	  several	  centuries	  of	  error.	  	  
	   23	  
	   	  	  
	  
Figure	  12.	  Crossdating	  is	  the	  process	  of	  using	  distinct	  patterns	  of	  tree-­‐rings	  to	  match	  cores	  together	  and	  ultimately	  create	  a	  chronology.	  Living	  trees	  are	  first	  sampled	  to	  create	  the	  chronology,	  which	  is	  then	  extended	  back	  in	  time	  with	  recently	  dead	  trees.	  Finally,	  the	  series	  can	  be	  extended	  further	  back	  into	  time	  using	  long	  dead	  trees.	  	   	  	   Dating	  tree-­‐rings	  not	  only	  helps	  to	  determine	  the	  age	  of	  a	  tree,	  but	  can	  also	  be	  used	  to	  reconstruct	  climate,	  which	  is	  known	  as	  dendroclimatology.	  The	  growth	  of	  trees	  is	  usually	  determined	  by	  either	  temperature	  or	  precipitation.	  Therefore,	  the	  growth	  of	  each	  annual	  ring	  reflects	  the	  climate	  of	  that	  time.	  Tree-­‐ring	  series	  can	  be	  thought	  of	  as	  a	  linear	  aggregate	  of	  several	  different	  variables.	  The	  series	  is	  expressed	  as	  Rt=At+Ct+δD1t+δD2t+Et.	  In	  the	  equation,	  Rt	  is	  the	  observed	  ring	  width	  series,	  At	  is	  the	  age-­‐size	  related	  trend	  in	  ring	  width,	  Ct	  the	  climate	  signal,	  D1t	  represents	  local,	  endogenous	  disturbances,	  D2t	  is	  a	  larger	  scale,	  exogenous	  disturbance,	  and	  Et	  is	  equal	  to	  other	  unexplained	  year-­‐to-­‐year	  variability.	  The	  δ	  associated	  with	  D1t	  and	  D2t	  is	  an	  indicator	  of	  the	  presence	  
!"#
#
 
Figure 24. The method of tr e ring dating. In dendrochronology y u build a tree ring record by 
coring living trees, recently dead trees, and long dead tr es. By dati g all of these types of trees 
the chronology can be built further back into time to see patterns. 
 
 
Conclusion 
 
 
 Glacier Bay National Park and Preserve has a unique environment that is directly affect 
by the large glaciers. The glacier affect all aspects of the bay, vegetation, climate, and sea level 
are all affected by the glaciers and their history. A history that scientists are slowly piecing 
together through the use of proxy records including tree cores and radio carbon dates of organic 
material found in situ in glacial sediment. Through the study of Adams Inlet I plan to look at the 
changes that have occurred since the last study done in the area by McKenzie and Goodwin. 
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(δ=1)	  or	  absence	  (δ=0)	  of	  a	  disturbance	  (Cook	  and	  Kairiukstis,	  1990).	  A	  goal	  of	  this	  study	  is	  to	  maximize	  the	  climate	  signal	  from	  temperature	  through	  replication	  and	  careful	  site	  selection,	  in	  order	  to	  infer	  past	  temperatures	  and	  then	  reconstruct	  the	  PDO.	  	  	   The	  principals	  summarized	  in	  Table	  2	  are	  significant	  to	  this	  study.	  High	  elevation	  sites	  were	  chosen,	  as	  these	  trees	  are	  the	  most	  sensitive	  to	  temperature,	  the	  limiting	  factor	  in	  the	  Gulf	  of	  Alaska.	  At	  all	  sites,	  multiple	  cores	  were	  taken	  from	  most	  trees,	  and	  many	  trees	  (usually	  at	  least	  20)	  were	  sampled,	  in	  order	  to	  provide	  replication.	  After	  processing	  data	  and	  building	  the	  chronologies,	  the	  data	  was	  standardized	  in	  order	  to	  remove	  growth	  trends	  that	  are	  not	  of	  interest	  to	  this	  study.	  	  
Table	  2.	  The	  principles	  of	  dendrochronology,	  summarized	  from	  Fritts,	  1976.	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Figure 11: Cross ating is the p ocess in which dis inct patterns in the tree rings are used 
to match the series up. Living trees are cored first to establish the chronology, and then 
the chronology is extended back in time with recently dead trees. Finally, the series is 
pushed even further back using subfossil trees. 
 
Table 1: The principles of dendrochronology, summarized from Fritts 1976 and Speer 
2010. 
Uniformitarianism 
An idea proposed by James Hutton in 1765 that states that present 
processes occurred in past times. Commonl\ UHIHUUHG WR DV µWKH
SUHVHQWLVWKHNH\WRWKHSDVW¶ 
Limiting Factors The growth of the tree is determined by the most limiting factor in its environment. 
Ecological 
Amplitude 
Tree species grow in certain habitats that have certain elements 
needed to support growth. 
Site Selection Selecting trees that are more sensitive showing the environment signal of interest. 
Sensitivity 
The amount of variation between wide and narrow rings due to the 
extent of limiting factor. Sensitive trees have more ring width 
variation compared to complacent trees which do not have much 
ring width variation. 
Replication 
Taking more than one sample per tree and sampling more than one 
tree per stand to eliminate the possibility of missing rings and 
incorrect dating 
Standardization The removal of trends or signals not of interest to the study. 
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Identifying	  and	  Mapping	  the	  1698/9	  and	  1809	  Eruptions	  
Along	  the	  GOA	  
	  	  	   Using	  the	  previously	  mentioned	  dendrochronological	  methods	  is	  very	  important	  when	  looking	  at	  how	  the	  1698/9	  and	  1809	  eruptions	  affect	  climate	  in	  the	  Northeast	  Pacific.	  To	  look	  at	  climatic	  effects	  of	  the	  eruptions,	  it	  was	  first	  necessary	  to	  establish	  that	  evidence	  for	  the	  eruptions	  is	  present	  in	  Gulf	  of	  Alaska	  tree-­‐ring	  data.	  It	  was	  also	  necessary	  to	  map	  the	  eruptions	  along	  to	  Gulf	  so	  that	  spatial	  effects	  could	  be	  analyzed.	  Tree-­‐ring	  width	  data	  was	  used	  to	  identify	  and	  map	  the	  eruptions.	  First,	  all	  tree-­‐ring	  data	  from	  The	  College	  of	  Wooster	  Tree-­‐Ring	  Lab	  and	  from	  the	  International	  Tree-­‐Ring	  Data	  Bank	  (ITRDB)	  was	  compiled	  into	  a	  database.	  Next,	  chronologies	  along	  the	  Gulf	  of	  Alaska	  that	  extended	  back	  in	  time	  through	  1695	  (in	  order	  to	  include	  the	  1698/9	  eruption)	  and	  that	  showed	  evidence	  for	  the	  eruptions	  were	  selected.	  These	  selections	  resulted	  in	  23	  chronologies	  that	  consist	  of	  five	  different	  species	  of	  trees	  at	  varying	  elevations.	  The	  species	  making	  up	  over	  half	  of	  the	  chronologies	  is	  the	  Mountain	  Hemlock	  (Tsuga	  mertensiana),	  a	  tree	  commonly	  used	  for	  climate	  reconstructions.	  The	  northernmost	  range	  of	  these	  trees	  is	  southcentral	  coastal	  Alaska,	  some	  of	  which	  are	  used	  in	  this	  study.	  Two	  of	  the	  23	  chronologies	  used	  are	  from	  Western	  Hemlock	  (Tsuga	  heterophylla)	  trees,	  the	  largest	  species	  of	  hemlock	  but	  not	  as	  commonly	  used	  in	  tree-­‐ring	  studies.	  Yellow	  Cedar	  (Cupressus	  nootkatensis),	  also	  referred	  to	  as	  Alaskan	  Cedar,	  make	  up	  three	  other	  chronologies.	  Finally,	  Sitka	  Spruce	  (Picea	  sitchensis)	  and	  White	  Spruce	  (Picea	  glauca)	  trees	  are	  also	  used	  in	  this	  study.	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   To	  identify	  and	  spatially	  compare	  the	  eruption	  events	  throughout	  the	  Gulf	  of	  Alaska,	  the	  data	  from	  the	  23	  chronologies	  needed	  to	  be	  standardized	  using	  the	  computer	  program	  ARSTAN	  (Cook	  and	  Kairiukstis,	  1990),	  in	  order	  to	  remove	  the	  growth	  function.	  To	  standardize	  the	  data,	  each	  raw	  chronology	  was	  run	  through	  ARSTAN	  and	  conservatively	  detrended	  using	  either	  a	  negative	  exponential	  curve	  or	  a	  straight	  line	  through	  the	  mean.	  The	  negative	  exponential	  curve,	  which	  follows	  the	  expected	  growth	  function	  of	  a	  radially	  expanding	  tree,	  was	  used	  to	  detrend	  most	  of	  the	  data.	  For	  trees	  with	  growth	  that	  did	  not	  fit	  into	  this	  curve,	  a	  straight	  line	  through	  the	  mean	  was	  used	  to	  standardize	  the	  data	  to	  keep	  from	  adding	  or	  removing	  significant	  growth	  trends.	  This	  process	  produced	  a	  series	  of	  standardized	  indices,	  which	  were	  then	  averaged	  together	  to	  create	  a	  site	  chronology.	  The	  process	  was	  then	  repeated	  for	  the	  other	  22	  sites	  to	  produce	  23	  standardized	  site	  chronologies.	  	  	   After	  standardizing	  the	  data,	  it	  was	  then	  normalized.	  To	  do	  this,	  a	  common	  period	  was	  chosen	  for	  a	  time	  period	  in	  which	  all	  chronologies	  had	  at	  least	  10	  cores.	  The	  mean	  and	  standard	  deviation	  of	  the	  standardized	  values	  were	  calculated	  for	  the	  common	  period	  (1695-­‐1987).	  The	  following	  equation	  was	  then	  used	  to	  calculate	  the	  normalized	  values.	  
	  The	  mean	  value	  (μ )	  was	  subtracted	  from	  the	  standardized	  value	  (x),	  which	  was	  then	  divided	  by	  the	  standard	  deviation	  (σ)	  to	  produce	  the	  normalized	  value	  (z).	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   Once	  the	  23	  chronologies	  were	  normalized,	  the	  20	  narrowest	  rings	  were	  identified	  for	  each	  chronology	  in	  order	  to	  see	  the	  effects	  of	  the	  eruptions	  in	  the	  data.	  The	  average	  of	  all	  the	  normalized	  chronologies	  was	  then	  plotted	  to	  identify	  the	  relative	  trends	  in	  the	  23	  chronologies,	  as	  well	  as	  to	  compare	  the	  undocumented	  volcanic	  eruptions	  to	  other	  times	  in	  the	  common	  period.	  As	  temperature	  is	  the	  limiting	  factor	  for	  trees	  in	  the	  Gulf	  of	  Alaska,	  this	  average	  of	  the	  normalized	  data	  can	  be	  considered	  a	  temperature	  reconstruction	  for	  the	  Gulf.	  	   	  	  	  
Reconstructing	  the	  PDO	  	  	  	   The	  PDO	  was	  reconstructed	  by	  comparing	  standardized	  tree-­‐ring	  chronologies	  along	  the	  Gulf	  of	  Alaska	  to	  100	  years	  of	  observed	  PDO	  data,	  using	  the	  computer	  program	  PCREG	  (Cook	  and	  Kairiukstis,	  1990).	  PCREG	  can	  model	  climate	  by	  running	  tree-­‐ring	  width	  data	  through	  a	  principal	  component	  regression	  analysis	  software.	  The	  first	  step	  in	  reconstructing	  the	  PDO	  was	  selecting	  Gulf	  of	  Alaska	  tree-­‐ring	  chronologies	  that	  went	  back	  in	  time	  through	  1685,	  in	  order	  to	  include	  the	  1698/9	  event.	  These	  chronologies	  were	  then	  run	  through	  PCREG	  against	  observed	  PDO	  data.	  The	  spring	  months	  of	  March,	  April	  and	  May	  showed	  the	  highest	  correlations	  after	  the	  initial	  run,	  which	  makes	  sense,	  as	  the	  PDO	  is	  most	  dominant	  in	  spring	  and	  winter	  months.	  The	  lack	  of	  high	  correlations	  with	  winter	  months	  can	  be	  explained	  by	  limited	  tree	  growth	  in	  the	  winter,	  which	  keeps	  the	  PDO	  from	  being	  prominent	  in	  the	  tree-­‐ring	  record	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for	  that	  time	  of	  year.	  After	  running	  all	  applicable	  chronologies	  through	  PCREG,	  the	  eight	  with	  the	  highest	  correlations	  were	  then	  compiled	  together	  and	  used	  to	  reconstruct	  the	  PDO.	  The	  compilation	  of	  eight	  chronologies	  was	  chosen	  over	  compilations	  of	  more	  chronologies	  in	  order	  to	  maximize	  the	  explained	  variance	  for	  the	  reconstructed	  PDO.	  The	  eight	  compiled	  chronologies	  were	  finally	  run	  through	  PCREG	  against	  observed	  PDO	  data	  to	  produce	  the	  PDO	  reconstruction.	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Results	  	  	   	  	   Using	  tree-­‐ring	  width	  data,	  this	  study	  presents	  further	  evidence	  for	  the	  existence	  of	  volcanic	  eruptions	  in	  1698/9	  and	  1809.	  Furthermore,	  it	  presents	  an	  improved	  reconstruction	  of	  the	  PDO	  using	  eight	  tree-­‐ring	  width	  chronologies	  from	  the	  Gulf	  of	  Alaska.	  The	  reconstruction	  is	  used	  to	  analyze	  effects	  of	  SVEs	  on	  Gulf	  of	  Alaska	  climate	  and	  the	  PDO.	  	   	  	  	  	  
Identifying	  and	  Mapping	  the	  1698/9	  and	  1809	  Eruptions	  
Along	  the	  GOA	  	   	  	   The	  23	  tree-­‐ring	  chronologies	  used	  to	  identify	  and	  map	  the	  1698/9	  and	  1809	  eruptions	  include	  five	  different	  species	  of	  trees,	  as	  well	  as	  trees	  at	  varying	  elevations	  and	  along	  the	  majority	  of	  the	  Gulf	  of	  Alaska	  (Table	  3)(Figure	  13).	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Table	  3.	  The	  23	  tree-­‐ring	  chronologies	  used	  to	  compare	  and	  analyze	  the	  1698/9	  and	  1809	  volcanic	  eruptions.	  
	  	  
!"#$%
&'(()$*"+#",-.% /,0+#",-% /+#1% /,-21% 3$+)4%
56$*+#",-%
&7.% !8$0"$4%
!"#$"%$
&'()##)*$+,-).$
/&+0$
12#3-2$ 456789:;<$ =:876<><?97$ :4:5=;>::$ 47>$
&"2#@-)#$
A3B."'C$
D3B"#$E,33C$
/DE0$ 12#3-2$ 45685999?$ =:8767;5>8$
:4<9=
;>:>$ ;;;$
&"2#@-)#$
A3B."'C$
F.3-*-#@$
G*.-#H$/FG0$
(.-')3,$I-J$
K-@)"#-.$F-,C$ 456878$ =:8464?:$
:7<8=
;>>9$ :47$ L3.."M$E3H-,$
NO'2,*)"#$
P)HQ3$/NP0$
(.-')3,$I-J$
K-@)"#-.$F-,C$ 45674<5:?$ =:8464<8:88$
:454=
;>><$ <5?$
&"2#@-)#$
A3B."'C$
E,-#QR*$P)HQ3$
/EP0$
(.-')3,$I-J$
K-@)"#-.$F-,C$ 456<>95$ =:84649;858$
:<;:=
;>>5$ <<>$
S3*@3,#$
A3B."'C$
I3-,@,-'C$
/I+0$
(.-')3,$I-J$
K-@)"#-.$F-,C$ 456<:>9?5$ =:8465459>8$
:49:=
;>>4$ 74>$
&"2#@-)#$
A3B."'C$
S,-#Q3..$
F)##-'.3$/SF0$ !)@C-$ 4<67888$ =:8;68:<?$
:4;8=
:999$ ?4?$
&"2#@-)#$
A3B."'C$
T33,$
&"2#@-)#$
/T&0$
!)@C-$ 4468888$ =:8:6<$ :<7;=:999$ 5:4$
&"2#@-)#$
A3B."'C$
I-*)#$
I2*UM-'C$
/IIE0$
!)@C-$ 4<68$ =:8;6;588$ :49>=;>>>$ 49?$
&"2#@-)#$
A3B."'C$V$
L3.."M$E3H-,$
A3B."'C$W#"X$
/AW0$ L-C2@-@$I-J$ 4964$ =:8968$
:<94=
:994$ ;>>$ A3B."'C$
&)#3,*$S3..$
/&S0$ L-C2@-@$I-J$ <>$ =:7:6<5$
:449=
:994$ <4>$
&"2#@-)#$
A3B."'C$
L-C2@-@$I-J$
&",-)#3$
/YFA0$
L-C2@-@$I-J$ 496?4$$ =:7>68$ :4><=:994$ 7>$ !)@C-$!Z,2'3$
F3@,"%$D-@3,-.$
&",-)#3$/FD0$
W3#-)$
F3#)#*2.-$ 4968?$ =:4>658$
:<?9=
:95?$ 8>>$ !)@C-$!Z,2'3$
NO)@$(.-')3,$
/N(0$
W3#-)$
F3#)#*2.-$ <>6;$ =:79645$
:<?>=
:955$ 75>$ !)@C-$!Z,2'3$
D"M3,$+M)#$
/D+0$ D-C3$E.-,C$ <>6<4$ =:476>;$
:<97=
;>>8$ 45>$ SU)@3$!Z,2'3$
E"QU)..$F")#@$
/EA0$
F,)#'3$S)..)-B$
!"2#H$ <:6>?$ =:7?69:$
:<5>=
;>>7$ 4>$
&"2#@-)#$
A3B."'C$
L-.3$[,B$/L[0$ F,)#'3$S)..)-B$!"2#H$ <:6:5?888$ =:7?6<?<$
:<;:=
:99<$ 7;>=7?>$
&"2#@-)#$
A3B."'C$
(,3-@$K2#-@-C$
/(K0$
F,)#'3$S)..)-B$
!"2#H$ <:6>588$ =:7<69588$
:45<=
;>>>$ ;4>$
&"2#@-)#$
A3B."'C$
SU)@@)3,$E-#-.$
/SE0$
F,)#'3$S)..)-B$
!"2#H$ <>658$ =:75645$
:48<=
:99:$ 8>>$
&"2#@-)#$
A3B."'C$
&-**)\3$P"'C$
/&P0$
F,)#'3$S)..)-B$
!"2#H$ <>6<8$ =:7467$
:<7:=
:99;$ 74>$
&"2#@-)#$
A3B."'C$
P"'C$+",$/P+0$ F,)#'3$S)..)-B$!"2#H$ <:6>4$ =:7?6:$
:7?4=
;>>;$ 9>$
&"2#@-)#$
A3B."'C$
]ZZ3,$
K-#-@2C$/]K0$
F,)#'3$S)..)-B$
!"2#H$ <:6>4$ =:7<695$
:448=
:999$ ;>>$
&"2#@-)#$
A3B."'C$
E",H"\-$NJ-C$
/E^0$
F,)#'3$S)..)-B$
!"2#H$ <>6<$ =:746<?$
:<>>=
:99;$ 78>$
&"2#@-)#$
A3B."'C$!
	   31	  
	  
Figure	  13.	  The	  sites	  of	  the	  23	  tree-­‐ring	  chronologies	  (green	  trees)	  used	  to	  compare	  and	  analyze	  the	  1698/9	  and	  1809	  volcanic	  eruptions.	  	  	  	   Table	  4	  and	  Figure	  14	  both	  show	  overall	  trends	  throughout	  the	  common	  period	  of	  1695-­‐1987	  for	  the	  normalized	  tree-­‐ring	  chronologies.	  Table	  4	  shows	  the	  top	  20	  most	  negative	  normalized	  values	  for	  each	  tree-­‐ring	  chronology,	  with	  years	  affected	  by	  either	  the	  1698/9	  or	  1809	  eruptions	  bolded	  and	  underlined.	  Figure	  14,	  the	  graph	  of	  the	  23	  normalized	  tree-­‐ring	  chronologies	  averaged	  together,	  is	  a	  temperature	  reconstruction	  for	  the	  Gulf	  of	  Alaska	  created	  using	  temperature	  sensitive	  trees.	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Table	  4.	  The	  normalized	  data	  from	  the	  23	  tree-­‐ring	  chronologies,	  with	  the	  top	  20	  lowest	  ring-­‐width	  values	  for	  each	  chronology.	  The	  bolded	  and	  underlined	  values	  are	  years	  affected	  by	  either	  the	  1698/9	  or	  1809	  eruptions.	  Note	  that	  year	  1	  represents	  the	  first	  year	  in	  each	  chronology.	  	  
	  
MT LC PI EX CR BT
Yr 1 1518 1569 1463 1585 1621 1591
1 1755 -2.98 1955 -2.55 1987 -2.42 1755 -2.50 1698 -3.00 1698 -2.80
2 1528 -2.70 1598 -2.42 1706 -2.37 1973 -2.27 2007 -2.63 1754 -2.62
3 1572 -2.51 1607 -2.37 1603 -2.15 1756 -2.23 1697 -2.53 1755 -2.43
4 1754 -2.31 1618 -2.34 1988 -2.13 1754 -2.10 1704 -2.40 1876 -2.42
5 1698 -2.28 1586 -2.33 2006 -2.05 1626 -2.08 1703 -2.27 1717 -2.40
6 1700 -2.24 1608 -2.25 2007 -2.01 1698 -1.99 1679 -2.20 1973 -2.40
7 1571 -2.12 2000 -2.22 1992 -1.93 1627 -1.97 2001 -2.13 1625 -2.23
8 1877 -2.11 1826 -2.21 1878 -1.92 1823 -1.88 1706 -2.04 1706 -2.18
9 1756 -1.99 1744 -2.19 1475 -1.89 1824 -1.86 1699 -2.03 1877 -1.96
10 1744 -1.97 1703 -2.18 1986 -1.86 1810 -1.85 1692 -2.02 1676 -1.94
11 2001 -1.96 1587 -2.13 1707 -1.80 1625 -1.84 1987 -1.97 1753 -1.93
12 1876 -1.91 2001 -2.10 1712 -1.78 1757 -1.83 2002 -1.90 2000 -1.86
13 2011 -1.89 1827 -2.09 1915 -1.72 1706 -1.83 1999 -1.87 1725 -1.82
14 1973 -1.86 1863 -2.07 2002 -1.71 1863 -1.82 1705 -1.85 1682 -1.81
15 1699 -1.82 1956 -2.04 2003 -1.65 1624 -1.82 1690 -1.83 1756 -1.73
16 1706 -1.79 1597 -2.02 1597 -1.63 1821 -1.77 1989 -1.83 1863 -1.70
17 2002 -1.76 1679 -2.01 1699 -1.63 1628 -1.72 2000 -1.81 1681 -1.65
18 1956 -1.74 1876 -2.00 1999 -1.61 1585 -1.71 1693 -1.76 1972 -1.64
19 1863 -1.72 1706 -1.98 1698 -1.59 1631 -1.70 1990 -1.75 1679 -1.60
20 1639 -1.70 1847 -1.97 1476 -1.57 1974 -1.67 1936 -1.74 2001 -1.56
WP DM BBC HK MW OPH
Yr 1 1523 1642 1590 1695 1559 1506
1 1570 -3.77 1706 -2.64 1706 -2.87 1877 -3.02 1699 -2.72 1812 -2.41
2 1706 -2.94 1810 -2.55 1717 -2.34 1698 -2.39 1700 -2.72 1814 -2.33
3 1703 -2.34 1664 -2.31 1603 -2.31 1812 -2.11 1698 -2.68 1699 -2.28
4 1704 -2.20 1703 -2.21 1679 -2.26 1876 -2.10 1701 -2.42 1607 -2.27
5 1705 -2.19 1974 -2.20 1854 -2.11 1699 -2.09 1697 -2.36 1811 -2.23
6 1973 -2.15 1910 -2.14 1605 -1.98 1754 -2.01 1702 -2.34 1605 -2.15
7 1526 -2.06 1973 -1.98 1744 -1.94 1755 -1.95 1706 -2.28 1862 -2.07
8 1717 -1.98 1820 -1.93 1876 -1.93 1813 -1.91 1973 -2.03 1813 -2.05
9 1910 -1.97 1676 -1.93 1698 -1.92 1768 -1.89 1814 -1.98 1810 -2.01
10 1974 -1.97 1705 -1.92 1810 -1.90 1878 -1.83 1755 -1.88 1863 -1.94
11 1524 -1.94 1876 -1.84 1705 -1.88 1742 -1.80 1756 -1.87 1608 -1.94
12 1698 -1.87 1819 -1.82 1606 -1.86 1811 -1.75 1703 -1.85 1698 -1.80
13 1871 -1.86 1744 -1.76 1676 -1.83 1741 -1.73 1815 -1.80 1679 -1.77
14 1854 -1.80 1866 -1.73 1759 -1.82 1756 -1.72 1862 -1.77 1700 -1.74
15 1810 -1.77 1849 -1.66 1826 -1.80 1826 -1.70 1813 -1.74 1809 -1.71
16 1572 -1.75 1972 -1.63 1973 -1.77 1770 -1.63 1705 -1.73 1681 -1.70
17 1976 -1.74 1871 -1.62 1827 -1.75 1827 -1.62 1811 -1.69 1601 -1.69
18 1700 -1.74 1704 -1.61 1910 -1.69 1745 -1.61 1696 -1.66 1754 -1.65
19 1525 -1.73 1970 -1.59 1725 -1.69 1973 -1.61 1707 -1.66 1602 -1.62
20 1744 -1.69 1717 -1.48 1602 -1.59 1753 -1.51 1757 -1.64 1864 -1.62
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MT LC PI EX CR BT
Yr 1 1518 1569 1463 1585 1621 1591
1 1755 -2.98 1955 -2.55 1987 -2.42 1755 -2.50 1698 -3.00 1698 -2.80
2 1528 -2.70 1598 -2.42 1706 -2.37 1973 -2.27 2007 -2.63 1754 -2.62
3 1572 -2.51 1607 -2.37 1603 -2.15 1756 -2.23 1697 -2.53 1755 -2.43
4 1754 -2.31 1618 -2.34 1988 -2.13 1754 -2.10 1704 -2.40 1876 -2.42
5 1698 -2.28 1586 -2.33 2006 -2.05 1626 -2.08 1703 -2.27 1717 -2.40
6 1700 -2.24 1608 -2.25 2007 -2.01 1698 -1.99 1679 -2.20 1973 -2.40
7 1571 -2.12 2000 -2.22 1992 -1.93 1627 -1.97 2001 -2.13 1625 -2.23
8 1877 -2.11 1826 -2.21 1878 -1.92 1823 -1.88 1706 -2.04 1706 -2.18
9 1756 -1.99 1744 -2.19 1475 -1.89 1824 -1.86 1699 -2.03 1877 -1.96
10 1744 -1.97 1703 -2.18 1986 -1.86 1810 -1.85 1692 -2.02 1676 -1.94
11 2001 -1.96 1587 -2.13 1707 -1.80 1625 -1.84 1987 -1.97 1753 -1.93
12 1876 -1.91 2001 -2.10 1712 -1.78 1757 -1.83 2002 -1.90 2000 -1.86
13 2011 -1.89 1827 -2.09 1915 -1.72 1706 -1.83 1999 -1.87 1725 -1.82
14 1973 -1.86 1863 -2.07 2002 -1.71 1863 -1.82 1705 -1.85 1682 -1.81
15 1699 -1.82 1956 -2.04 2003 -1.65 1624 -1.82 1690 -1.83 1756 -1.73
16 1706 -1.79 1597 -2.02 1597 -1.63 1821 -1.77 1989 -1.83 1863 -1.70
17 2002 -1.76 1679 -2.01 1699 -1.63 1628 -1.72 2000 -1.81 1681 -1.65
18 1956 -1.74 1876 -2.00 1999 -1.61 1585 -1.71 1693 -1.76 1972 -1.64
19 1863 -1.72 1706 -1.98 1698 -1.59 1631 -1.70 1990 -1.75 1679 -1.60
20 1639 -1.70 1847 -1.97 1476 -1.57 1974 -1.67 1936 -1.74 2001 -1.56
WP DM BBC HK MW OPH
Yr 1 1523 1642 1590 1695 1559 1506
1 1570 -3.77 1706 -2.64 1706 -2.87 1877 -3.02 1699 -2.72 1812 -2.41
2 1706 -2.94 1810 -2.55 1717 -2.34 1698 -2.39 1700 -2.72 1814 -2.33
3 1703 -2.34 1664 -2.31 1603 -2.31 1812 -2.11 1698 -2.68 1699 -2.28
4 1704 -2.20 1703 -2.21 1679 -2.26 1876 -2.10 1701 -2.42 1607 -2.27
5 1705 -2.19 1974 -2.20 1854 -2.11 1699 -2.09 1697 -2.36 1811 -2.23
6 1973 -2.15 1910 -2.14 1605 -1.98 1754 -2.01 1702 -2.34 1605 -2.15
7 1526 -2.06 1973 -1.98 1744 -1.94 1755 -1.95 1706 -2.28 1862 -2.07
8 1717 -1.98 1820 -1.93 1876 -1.93 1813 -1.91 1973 -2.03 1813 -2.05
9 1910 -1.97 1676 -1.93 1698 -1.92 1768 -1.89 1814 -1.98 1810 -2.01
10 1974 -1.97 1705 -1.92 1810 -1.90 1878 -1.83 1755 -1.88 1863 -1.94
11 1524 -1.94 1876 -1.84 1705 -1.88 1742 -1.80 1756 -1.87 1608 -1.94
12 1698 -1.87 1819 -1.82 1606 -1.86 1811 -1.75 1703 -1.85 1698 -1.80
13 1871 -1.86 1744 -1.76 1676 -1.83 1741 -1.73 1815 -1.80 1679 -1.77
14 1854 -1.80 1866 -1.73 1759 -1.82 1756 -1.72 1862 -1.77 1700 -1.74
15 1810 -1.77 1849 -1.66 1826 -1.80 1826 -1.70 1813 -1.74 1809 -1.71
16 1572 -1.75 1972 -1.63 1973 -1.77 1770 -1.63 1705 -1.73 1681 -1.70
17 1976 -1.74 1871 -1.62 1827 -1.75 1827 -1.62 1811 -1.69 1601 -1.69
18 1700 -1.74 1704 -1.61 1910 -1.69 1745 -1.61 1696 -1.66 1754 -1.65
19 1525 -1.73 1970 -1.59 1725 -1.69 1973 -1.61 1707 -1.66 1602 -1.62
20 1744 -1.69 1717 -1.48 1602 -1.59 1753 -1.51 1757 -1.64 1864 -1.62
PL EG LT CH YA GN
Yr 1 1679 1670 1694 1680 1621 1586
1 1880 -2.45 1698 -2.17 1757 -1.88 1956 -2.44 1744 -2.41 1677 -2.48
2 1877 -2.32 1877 -2.13 1780 -1.82 1876 -2.22 1698 -2.31 1679 -2.47
3 1876 -2.18 1700 -2.08 1811 -1.74 1699 -2.19 1699 -2.26 1980 -2.44
4 1879 -1.97 1717 -2.07 1789 -1.70 1877 -1.97 1973 -2.26 1698 -2.38
5 1878 -1.91 1895 -2.05 1790 -1.59 1756 -1.94 1754 -2.23 1876 -2.27
6 1811 -1.86 1746 -1.99 1973 -1.59 1949 -1.91 1887 -2.17 1956 -2.21
7 1834 -1.74 1716 -1.97 1814 -1.57 1938 -1.90 1746 -2.13 1620 -2.20
8 1698 -1.66 1699 -1.91 1978 -1.56 1710 -1.86 1888 -2.10 1987 -2.15
9 1958 -1.51 1754 -1.81 1810 -1.54 1711 -1.77 1877 -2.04 1973 -2.15
10 1869 -1.51 1896 -1.78 1781 -1.48 1874 -1.70 1883 -2.01 1877 -2.12
11 1865 -1.50 1677 -1.77 1812 -1.47 1937 -1.68 1745 -2.01 1955 -2.04
12 1716 -1.46 1756 -1.76 1717 -1.47 1880 -1.67 1679 -1.97 1972 -2.01
13 1756 -1.45 1878 -1.71 1879 -1.47 1955 -1.65 1856 -1.95 1756 -2.00
14 1734 -1.45 1814 -1.69 1718 -1.42 1883 -1.61 1876 -1.94 1755 -1.96
15 1882 -1.45 1679 -1.66 1784 -1.41 1696 -1.59 1677 -1.86 1664 -1.92
16 1700 -1.44 1755 -1.63 1869 -1.40 1879 -1.58 1889 -1.85 1699 -1.92
17 1850 -1.37 1697 -1.63 1719 -1.38 1873 -1.57 1894 -1.85 1975 -1.88
18 1810 -1.37 1761-1.61 1713 -1.37 1950 -1.56 1755 -1.76 1989 -1.84
19 1889 -1.35 1813 -1.60 1714 -1.36 1882 -1.54 1697 -1.72 1587 -1.79
20 1699 -1.32 1897 -1.60 1759 -1.36 1951 -1.53 1756 -1.70 1680 -1.74
WC MR RT UN CV
Yr 1 1536 1641 1475 1553 1600
1 1928 -3.18 1973 -2.53 1699 -3.12 1698 -2.93 1639 -2.31
2 1744 -2.86 1862 -2.44 1620 -2.71 1679 -2.71 1679 -2.30
3 1698 -2.56 1677 -2.43 1698 -2.66 1755 -2.34 1973 -2.27
4 1629 -2.55 1877 -2.35 1877 -2.35 1877 -2.33 1756 -2.05
5 1929 -2.54 1863 -2.31 1697 -2.32 1876 -2.28 1699 -2.01
6 1946 -2.52 1698 -2.27 1973 -2.22 1699 -2.26 1716 -2.00
7 1706 -2.50 1697 -2.23 1755 -2.07 1972 -2.25 1856 -1.85
8 1664 -2.46 1876 -2.09 1955 -2.03 1956 -2.18 1863 -1.82
9 1699 -2.39 1679 -1.96 1876 -1.99 1980 -2.03 1877 -1.76
10 1945 -2.34 1904 -1.89 1505 -1.98 1756 -1.99 1894 -1.75
11 1663 -2.29 1887 -1.88 1677 -1.96 1677 -1.98 1879 -1.72
12 1677 -2.21 1814 -1.86 1475 -1.94 1938 -1.98 1698 -1.69
13 1877 -2.17 1699 -1.84 1700 -1.93 1955 -1.92 1854 -1.69
14 1716 -2.11 1879 -1.78 1754 -1.89 1973 -1.91 1677 -1.68
15 1987 -2.05 1880 -1.73 1639 -1.87 1664 -1.90 1862 -1.64
16 1944 -2.02 1878 -1.69 1552 -1.86 1680 -1.81 1891 -1.63
17 1745 -2.01 1864 -1.60 1679 -1.86 1937 -1.78 1880 -1.62
18 1746 -2.00 1883 -1.51 1956 -1.82 1697 -1.77 1755 -1.61
19 1679 -1.99 1678 -1.50 1478 -1.81 1883 -1.73 1626 -1.60
20 1927 -1.88 1972 -1.42 1479 -1.80 1754 -1.71 1810 -1.54
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   The	  high	  percentage	  of	  bolded	  and	  underlined	  values	  in	  Table	  4	  show	  that	  both	  eruptions	  can	  be	  identified	  in	  tree-­‐rings	  along	  the	  Gulf	  of	  Alaska.	  At	  least	  one	  eruption	  is	  prominent	  at	  each	  of	  the	  sites,	  with	  the	  1698/9	  eruption	  being	  as	  or	  more	  prominent	  at	  most	  sites	  with	  the	  exception	  of	  Lower	  Twin	  (LT).	  This	  anomaly	  might	  be	  due	  to	  the	  location	  of	  LT	  (Figure	  13),	  as	  it	  is	  on	  the	  Alaskan	  Peninsula	  and	  further	  west	  and	  inland	  compared	  to	  the	  other	  22	  sites.	  
	  
	  
PL EG LT CH YA GN
Yr 1 1679 1670 1694 1680 1621 1586
1 1880 -2.45 1698 -2.17 1757 -1.88 1956 -2.44 1744 -2.41 1677 -2.48
2 1877 -2.32 1877 -2.13 1780 -1.82 1876 -2.22 1698 -2.31 1679 -2.47
3 1876 -2.18 1700 -2.08 1811 -1.74 1699 -2.19 1699 -2.26 1980 -2.44
4 1879 -1.97 1717 -2.07 1789 -1.70 1877 -1.97 1973 -2.26 1698 -2.38
5 1878 -1.91 1895 -2.05 1790 -1.59 1756 -1.94 1754 -2.23 1876 -2.27
6 1811 -1.86 1746 -1.99 1973 -1.59 1949 -1.91 1887 -2.17 1956 -2.21
7 1834 -1.74 1716 -1.97 1814 -1.57 1938 -1.90 1746 -2.13 1620 -2.20
8 1698 -1.66 1699 -1.91 1978 -1.56 1710 -1.86 1888 -2.10 1987 -2.15
9 1958 -1.51 1754 -1.81 1810 -1.54 1711 -1.77 1877 -2.04 1973 -2.15
10 1869 -1.51 1896 -1.78 1781 -1.48 1874 -1.70 1883 -2.01 1877 -2.12
11 1865 -1.50 1677 -1.77 1812 -1.47 1937 -1.68 1745 -2.01 1955 -2.04
12 1716 -1.46 1756 -1.76 1717 -1.47 1880 -1.67 1679 -1.97 1972 -2.01
13 1756 -1.45 1878 -1.71 1879 -1.47 1955 -1.65 1856 -1.95 1756 -2.00
14 1734 -1.45 1814 -1.69 1718 -1.42 1883 -1.61 1876 -1.94 1755 -1.96
15 1882 -1.45 1679 -1.66 1784 -1.41 1696 -1.59 1677 -1.86 1664 -1.92
16 1700 -1.44 1755 -1.63 1869 -1.40 1879 -1.58 1889 -1.85 1699 -1.92
17 1850 -1.37 1697 -1.63 1719 -1.38 1873 -1.57 1894 -1.85 1975 -1.88
18 1810 -1.37 1761-1.61 1713 -1.37 1950 -1.56 1755 -1.76 1989 -1.84
19 1889 -1.35 1813 -1.60 1714 -1.36 1882 -1.54 1697 -1.72 1587 -1.79
20 1699 -1.32 1897 -1.60 1759 -1.36 1951 -1.53 1756 -1.70 1680 -1.74
WC MR RT UN CV
Yr 1 1536 1641 1475 1553 1600
1 1928 -3.18 1973 -2.53 1699 -3.12 1698 -2.93 1639 -2.31
2 1744 -2.86 1862 -2.44 1620 -2.71 1679 -2.71 1679 -2.30
3 1698 -2.56 1677 -2.43 1698 -2.66 1755 -2.34 1973 -2.27
4 1629 -2.55 1877 -2.35 1877 -2.35 1877 -2.33 1756 -2.05
5 1929 -2.54 1863 -2.31 1697 -2.32 1876 -2.28 1699 -2.01
6 1946 -2.52 1698 -2.27 1973 -2.22 1699 -2.26 1716 -2.00
7 1706 -2.50 1697 -2.23 1755 -2.07 1972 -2.25 1856 -1.85
8 1664 -2.46 1876 -2.09 1955 -2.03 1956 -2.18 1863 -1.82
9 1699 -2.39 1679 -1.96 1876 -1.99 1980 -2.03 1877 -1.76
10 1945 -2.34 1904 -1.89 1505 -1.98 1756 -1.99 1894 -1.75
11 1663 -2.29 1887 -1.88 1677 -1.96 1677 -1.98 1879 -1.72
12 1677 -2.21 1814 -1.86 1475 -1.94 1938 -1.98 1698 -1.69
13 1877 -2.17 1699 -1.84 1700 -1.93 1955 -1.92 1854 -1.69
14 1716 -2.11 1879 -1.78 1754 -1.89 1973 -1.91 1677 -1.68
15 1987 -2.05 1880 -1.73 1639 -1.87 1664 -1.90 1862 -1.64
16 1944 -2.02 1878 -1.69 1552 -1.86 1680 -1.81 1891 -1.63
17 1745 -2.01 1864 -1.60 1679 -1.86 1937 -1.78 1880 -1.62
18 1746 -2.00 1883 -1.51 1956 -1.82 1697 -1.77 1755 -1.61
19 1679 -1.99 1678 -1.50 1478 -1.81 1883 -1.73 1626 -1.60
20 1927 -1.88 1972 -1.42 1479 -1.80 1754 -1.71 1810 -1.54
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Figure	  14.	  The	  average	  of	  the	  normalized	  data	  from	  the	  23	  tree-­‐ring	  chronologies,	  which	  represents	  temperature	  along	  the	  Gulf	  of	  Alaska.	  Note	  that	  1698/9	  and	  1809	  (marked	  with	  arrows)	  represent	  years	  of	  decreased	  tree	  growth	  likely	  due	  to	  volcanically	  forced	  cooling.	  	  	  	   The	  graph	  of	  the	  average	  normalized	  values	  (Figure	  14)	  further	  shows	  how	  prominent	  the	  1698/9	  and	  1809	  volcanic	  eruptions	  are	  in	  the	  Gulf	  of	  Alaska.	  These	  two	  time	  periods	  of	  decreased	  tree-­‐growth	  represent	  drops	  in	  temperature,	  likely	  caused	  by	  volcanically	  forced	  cooling.	  The	  drop	  in	  temperature	  caused	  by	  the	  1698/9	  eruption	  is	  the	  most	  negative	  anomaly	  for	  the	  entire	  chronology,	  and	  the	  drop	  in	  temperature	  following	  the	  1809	  eruption	  is	  also	  significantly	  negative.	  These	  drops	  in	  tree-­‐ring	  width	  growth	  at	  the	  times	  of	  both	  volcanic	  eruptions	  show	  that	  both	  eruptions	  are	  prominent	  along	  the	  Gulf	  of	  Alaska.	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Reconstructing	  the	  PDO	  	  	  	   Reconstructing	  the	  PDO	  past	  the	  observed	  record	  can	  lead	  to	  a	  better	  understanding	  of	  North	  Pacific	  climate,	  including	  the	  history	  of	  shifts	  from	  positive	  to	  negative	  phases	  and	  how	  the	  PDO	  might	  shift	  in	  the	  future.	  It	  also	  allows	  for	  the	  Wang	  et	  al.	  (2012)	  model	  to	  be	  tested	  using	  tree-­‐ring	  data	  to	  look	  at	  how	  SVEs	  affect	  North	  Pacific	  climate,	  including	  whether	  the	  SVEs	  really	  do	  force	  the	  PDO	  into	  a	  negative	  phase.	  Eight	  tree-­‐ring	  chronologies	  along	  the	  Gulf	  of	  Alaska	  were	  used	  to	  create	  the	  reconstruction	  (Table	  5)	  (Figure	  15).	  	  	  
Table	  5.	  The	  eight	  tree-­‐ring	  chronologies	  from	  the	  Gulf	  of	  Alaska	  used	  to	  reconstruct	  the	  PDO.	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Figure	  15.	  The	  eight	  chronologies	  (marked	  with	  trees)	  along	  the	  Gulf	  of	  Alaska	  used	  to	  reconstruct	  the	  PDO.	  	  	   The	  Northeast	  Pacific	  PDO	  was	  reconstructed	  for	  AD	  1562-­‐1991	  (Figure	  16).	  The	  model	  retained	  the	  first	  principal	  component	  (PC),	  which	  represents	  variations	  in	  sea	  surface	  temperatures	  (SSTs).	  Averaged	  observed	  PDO	  data	  for	  March-­‐May	  of	  the	  present	  growth	  year	  correlate	  with	  the	  first	  PC	  at	  the	  0.05	  significance	  level.	  The	  reconstruction	  for	  the	  period	  from	  AD	  1562-­‐1991	  explains	  25%	  of	  the	  variance	  in	  SSTs.	  	  	  
	   38	  
	  
	  
Figure	  16.	  Spring	  PDO	  reconstruction	  for	  1562	  through	  1991	  based	  on	  the	  eight	  tree-­‐ring	  chronologies	  from	  the	  Gulf	  of	  Alaska.	  Note	  the	  labeled	  1698/9	  and	  1809	  eruptions,	  which	  occur	  during	  extremely	  negative	  shifts	  in	  the	  PDO.	  	  
	  
	  	   This	  PDO	  reconstruction	  shows	  that	  at	  the	  times	  of	  both	  the	  1698/9	  and	  1809	  volcanic	  eruptions,	  the	  PDO	  is	  in	  a	  negative	  phase	  (Figure	  16).	  The	  reconstruction	  also	  shows	  that	  at	  the	  time	  of	  both	  eruptions,	  the	  PDO	  had	  already	  entered	  a	  negative	  phase,	  which	  is	  then	  intensified	  following	  the	  volcanic	  events.	  Finally,	  interdecadal	  shifts	  from	  positive	  to	  negative	  phases	  that	  are	  characteristic	  of	  the	  PDO	  are	  also	  prominent	  in	  this	  reconstruction.	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Discussion	  
	  	  	   These	  results	  provide	  further	  evidence	  for	  the	  existence	  of	  volcanic	  eruptions	  in	  both	  1698/9	  and	  1809,	  as	  well	  as	  an	  improved	  reconstruction	  of	  the	  PDO.	  Furthermore,	  analysis	  of	  the	  PDO	  reconstruction	  makes	  it	  possible	  to	  test	  the	  hypothesis	  that	  SVEs	  can	  force	  the	  PDO	  into	  a	  negative	  phase	  (Wang	  et	  al.,	  2012).	  	  	  	  
Identification	  of	  the	  Eruptions	  	  	  	   The	  graph	  of	  the	  normalized	  data	  from	  the	  23	  chronologies,	  which	  represents	  past	  temperature	  along	  the	  Gulf	  of	  Alaska	  (Figure	  14),	  shows	  that	  both	  the	  1698/9	  and	  1809	  eruptions	  were	  prominent	  in	  the	  Gulf.	  The	  temperature	  reconstruction	  (Figure	  14)	  and	  the	  top	  20	  lowest	  normalized	  values	  (Table	  4)	  both	  show	  this	  prominence,	  and	  can	  also	  be	  used	  to	  learn	  more	  about	  the	  two	  eruptions.	  The	  1698/9	  eruption	  has	  a	  more	  negative	  normalized	  value,	  and	  is	  also	  more	  prominent	  in	  the	  table	  of	  the	  20	  lowest	  normalized	  values.	  These	  observations	  lead	  to	  the	  possible	  conclusion	  that	  this	  earlier	  eruption	  had	  a	  greater	  impact	  along	  the	  Gulf	  compared	  to	  the	  later	  1809	  eruption.	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Verification	  of	  this	  Reconstruction	  	  	  	   In	  order	  to	  analyze	  this	  PDO	  reconstruction	  with	  respect	  to	  the	  hypothesis	  from	  Wang	  et	  al.	  (2012),	  it	  was	  first	  important	  to	  know	  that	  this	  PDO	  reconstruction	  is	  significant.	  Two	  methods	  were	  used	  to	  show	  that	  the	  PDO	  reconstruction	  presented	  in	  this	  study	  is	  significant.	  The	  first	  method	  was	  to	  compare	  this	  reconstruction	  to	  a	  previously	  mentioned	  reconstructed	  PDO	  (D’Arrigo	  et	  al.,	  2001).	  The	  second	  verification	  method	  was	  to	  compare	  the	  reconstructed	  PDO	  to	  SSTs,	  and	  map	  the	  correlations	  along	  the	  Gulf.	  This	  map	  was	  then	  compared	  to	  a	  map	  of	  correlations	  between	  observed	  PDO	  data	  and	  the	  same	  SSTs.	  	  	   Figure	  17	  shows	  the	  PDO	  reconstruction	  presented	  in	  the	  study	  (red)	  graphed	  with	  a	  previous	  PDO	  reconstruction	  (blue)	  (D’Arrgio	  et	  al.,	  2001).	  The	  two	  reconstructions	  are	  similar	  in	  several	  ways,	  with	  the	  most	  significant	  similarity	  for	  this	  study	  being	  the	  negative	  shift	  in	  the	  PDO	  beginning	  around	  1800	  and	  persisting	  through	  the	  1809	  eruption.	  At	  this	  time,	  both	  reconstructions	  show	  that	  the	  PDO	  enters	  a	  negative	  phase	  about	  six	  to	  eight	  years	  before	  the	  1809	  eruption,	  and	  then	  that	  the	  negative	  phase	  persists	  for	  about	  15	  years	  following	  the	  eruption.	  The	  two	  reconstructions	  both	  also	  show	  other	  shifts	  between	  negative	  and	  positive	  phases,	  which	  generally	  occur	  in	  20-­‐30	  year	  cycles.	  There	  are	  several	  time	  periods	  within	  the	  two	  reconstructions	  that	  do	  not	  follow	  the	  same	  path.	  However,	  as	  the	  deviation	  normally	  occurs	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over	  minor	  time	  periods,	  the	  overall	  trends	  of	  both	  reconstructions	  can	  be	  considered	  similar.	  	  	  
	  
Figure	  17.	  The	  PDO	  reconstruction	  presented	  in	  this	  paper	  (red)	  plotted	  with	  a	  previous	  PDO	  reconstruction	  published	  by	  D’Arrigo	  et	  al.	  (2001)	  (blue).	  Note	  that	  the	  1809	  eruption	  is	  marked,	  and	  that	  D’Arrigo	  et	  al.	  (2001)	  data	  did	  not	  extend	  back	  in	  time	  through	  the	  1698/9	  eruption.	  	  	   	  	   While	  both	  reconstructions	  follow	  the	  same	  general	  trend,	  including	  the	  shifts	  from	  positive	  to	  negative	  cycles	  occurring	  on	  20-­‐30	  year	  periods,	  there	  is	  evidence	  that	  the	  reconstruction	  presented	  in	  this	  study	  may	  be	  a	  closer	  approximation	  to	  the	  PDO	  in	  the	  Gulf	  of	  Alaska.	  The	  PDO	  may	  affect	  climate	  beyond	  the	  Gulf	  of	  Alaska,	  but	  it	  is	  most	  dominant	  in	  the	  Gulf.	  The	  reconstruction	  presented	  in	  this	  study	  uses	  eight	  tree-­‐ring	  chronologies	  only	  from	  the	  Gulf	  of	  Alaska,	  while	  the	  reconstruction	  by	  D’Arrigo	  et	  al.	  (2001)	  uses	  several	  tree-­‐ring	  width	  chronologies	  from	  the	  Gulf,	  one	  tree-­‐ring	  density	  chronology	  from	  Oregon,	  and	  two	  drought	  reconstructions	  from	  Mexico.	  The	  explained	  variance	  for	  the	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reconstruction	  by	  D’Arrigo	  et	  al.	  (2001)	  is	  higher,	  however,	  the	  authors	  do	  not	  explain	  why	  they	  chose	  to	  add	  data	  from	  Oregon	  and	  Mexico,	  which	  is	  outside	  of	  the	  main	  area	  affected	  by	  the	  PDO.	  Another	  reason	  why	  the	  reconstruction	  presented	  in	  this	  paper	  may	  be	  more	  applicable	  to	  the	  Gulf	  of	  Alaska	  than	  D’Arrigo	  et	  al.’s	  (2001)	  reconstruction,	  is	  because	  this	  reconstruction	  extends	  back	  in	  time	  through	  1562,	  while	  the	  other	  reconstruction	  extends	  only	  through	  1700.	  This	  reconstruction	  that	  extends	  further	  provides	  a	  longer	  time	  period	  that	  can	  be	  used	  to	  analyze	  the	  PDO,	  including	  the	  effects	  of	  the	  1698/9	  volcanic	  eruption.	  As	  the	  reconstruction	  presented	  in	  this	  paper	  is	  similar	  to	  the	  published	  reconstruction	  by	  D’Arrigo	  et	  al.	  (2001)	  and	  possibly	  more	  accurate,	  the	  remainder	  of	  this	  paper,	  including	  the	  analysis	  of	  the	  PDO	  with	  respect	  to	  the	  hypothesis	  from	  Wang	  et	  al.	  (2012),	  will	  be	  using	  this	  new	  PDO	  reconstruction.	  	  	   Before	  analyzing	  the	  PDO	  reconstruction	  presented	  in	  this	  paper,	  it	  can	  be	  further	  validated	  by	  being	  compared	  to	  correlations	  with	  observed	  PDO	  data	  (Figures	  18	  &	  19).	  First,	  observed	  PDO	  data	  spanning	  1900	  through	  2006	  was	  correlated	  with	  Hadley	  Centre	  Sea	  Ice	  and	  Sea	  Surface	  Temperature	  (HadISST)	  monthly	  median	  SSTs	  for	  1871-­‐1995	  using	  the	  Koninklijk	  Nederlands	  Meteorologisch	  Instituut:	  Climate	  Explorer	  (2012).	  The	  correlations	  for	  March,	  April	  and	  May	  were	  averaged,	  as	  these	  are	  the	  months	  that	  show	  highest	  correlations	  between	  the	  PDO	  and	  SSTs,	  and	  the	  averaged	  correlations	  were	  then	  mapped	  along	  the	  Gulf	  (Figure	  18).	  The	  PDO	  reconstruction	  presented	  in	  this	  study	  was	  then	  correlated	  with	  the	  same	  SSTs,	  and	  the	  correlations	  for	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March,	  April	  and	  May	  were	  averaged	  together	  and	  similarly	  graphed	  along	  the	  Gulf	  (Figure	  19).	  	  	   Both	  generated	  figures	  show	  high	  positive	  correlations	  along	  the	  Gulf	  of	  Alaska,	  and	  high	  negative	  correlations	  further	  southwest	  in	  the	  Pacific	  Ocean.	  Higher	  correlations	  are	  seen	  between	  observed	  PDO	  data	  and	  SSTs	  (Figure	  18),	  an	  observation	  that	  was	  expected,	  as	  the	  principal	  component	  of	  the	  PDO	  is	  sea	  surface	  temperature	  variability.	  While	  correlations	  between	  the	  reconstructed	  PDO	  and	  SSTs	  are	  not	  as	  high,	  the	  correlations	  are	  still	  significant.	  It	  is	  also	  important	  to	  note	  that	  the	  spatial	  pattern	  of	  correlations	  for	  the	  reconstructed	  PDO	  is	  very	  similar	  to	  the	  pattern	  for	  the	  observed	  PDO.	  The	  high	  correlations	  between	  the	  reconstructed	  PDO	  and	  SSTs	  (Figure	  19),	  as	  well	  as	  the	  similarities	  in	  correlations	  spatially,	  further	  show	  that	  the	  PDO	  reconstruction	  presented	  in	  this	  study	  is	  significant.	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Figure	  18.	  Observed	  PDO	  index	  data	  compared	  to	  Northeast	  Pacific	  SSTs	  averaged	  for	  the	  months	  of	  March,	  April	  and	  May.	  High	  positive	  correlations	  are	  seen	  along	  the	  Gulf	  (pink	  and	  red	  colors),	  while	  high	  negative	  correlations	  are	  seen	  further	  southwest	  in	  the	  Pacific	  Ocean	  (purple	  and	  dark	  blue	  colors).	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Figure	  19.	  PDO	  reconstruction	  data	  compared	  to	  Northeast	  Pacific	  SSTs	  for	  March,	  April	  and	  May.	  Similar	  to	  the	  correlations	  with	  observed	  PDO	  data,	  correlations	  along	  the	  Gulf	  are	  positive	  (orange	  and	  red	  colors),	  while	  correlations	  further	  southwest	  are	  negative	  (green	  and	  blue	  colors).	  	  	  	  	  	  
Analysis	  of	  this	  PDO	  Reconstruction	  	  	  	   A	  main	  goal	  of	  this	  study	  was	  to	  reconstruct	  the	  PDO	  in	  order	  to	  test	  Wang	  et	  al.’s	  (2012)	  models	  that	  suggest	  tropical	  strong	  volcanic	  eruptions	  can	  force	  the	  PDO	  into	  a	  negative	  phase.	  Figure	  16	  is	  the	  PDO	  reconstruction	  created	  using	  eight	  tree-­‐ring	  chronologies	  from	  the	  Gulf	  of	  Alaska.	  	  	   Now	  that	  this	  PDO	  reconstruction	  has	  been	  shown	  to	  be	  significant,	  it	  can	  be	  used	  to	  evaluated	  the	  hypothesis	  developed	  by	  Wang	  et	  al.	  (2012).	  The	  hypothesis	  proposes	  that	  strong	  volcanic	  eruptions	  can	  ultimately	  force	  the	  PDO	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into	  a	  negative	  phase	  (Figure	  9).	  Looking	  at	  the	  reconstruction,	  it	  is	  clear	  that	  at	  the	  times	  of	  the	  1689/9	  and	  1809	  eruptions,	  the	  PDO	  is	  in	  a	  negative	  phase	  (Figure	  16).	  However,	  looking	  at	  the	  exact	  dates	  of	  the	  eruptions	  on	  the	  reconstruction,	  it	  appears	  that	  in	  both	  cases	  the	  PDO	  had	  already	  entered	  a	  negative	  phase	  about	  six	  to	  eight	  years	  before	  the	  eruption	  occurred.	  It	  does	  seem	  that	  after	  each	  eruption	  event,	  the	  negative	  phase	  of	  the	  PDO	  is	  intensified	  for	  several	  years.	  	  	  	   Because	  the	  PDO	  had	  already	  entered	  a	  negative	  phase	  before	  each	  eruption,	  it	  appears	  that	  strong	  volcanic	  eruptions	  can	  intensify	  the	  negative	  shift	  in	  the	  PDO,	  instead	  of	  initiating	  or	  forcing	  the	  shift.	  It	  is	  likely	  that	  the	  other	  drivers	  of	  the	  PDO,	  including	  ENSO,	  atmospheric	  circulation,	  ocean	  circulation,	  and	  solar	  variability	  are	  causing	  the	  initial	  shift	  from	  a	  positive	  phase	  to	  a	  negative	  phase.	  Of	  these	  different	  variables,	  solar	  variability	  seems	  to	  be	  especially	  significant.	  This	  importance	  is	  because	  of	  two	  major	  solar	  minimums,	  the	  Maunder	  minimum	  (~1650-­‐1715)	  and	  the	  Dalton	  minimum	  (~1790-­‐1830),	  that	  occur	  during	  the	  volcanic	  eruptions	  analyzed	  in	  this	  study.	  When	  looking	  at	  the	  PDO	  reconstruction	  plotted	  against	  solar	  irradiance	  data,	  it	  is	  clear	  that	  both	  the	  1698/9	  and	  1809	  eruptions	  occur	  during	  times	  of	  solar	  minimums	  (Figure	  20).	  This	  observation	  is	  important	  because	  it	  is	  likely	  that	  these	  times	  of	  decreased	  solar	  irradiance	  contributed	  to	  the	  negative	  shift	  in	  the	  PDO,	  possibly	  even	  more	  so	  than	  the	  volcanic	  eruptions.	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Figure	  20.	  The	  PDO	  reconstruction	  (red)	  plotted	  with	  solar	  irradiance	  forcing	  (blue).	  Note	  the	  two	  periods	  of	  decreased	  solar	  forcing,	  first	  from	  ~1650-­‐1715,	  and	  second	  from	  ~1790-­‐1830,	  which	  occur	  at	  the	  same	  times	  as	  the	  two	  eruptions	  and	  negative	  PDO	  phases	  analyzed	  in	  this	  study.	  The	  solar	  irradiance	  data,	  Bard08-­‐WLS,	  is	  from	  Wang	  et	  al.	  (2005)	  and	  was	  created	  using	  sunspot	  records	  and	  a	  model	  of	  the	  sun’s	  magnetic	  flux.	  	  	  	  	  	  
Implications	  of	  this	  Study	  	  	   As	  previously	  stated,	  trees	  along	  the	  Gulf	  of	  Alaska	  respond	  mainly	  to	  temperature.	  However,	  trees	  in	  Ohio	  have	  a	  different	  limiting	  factor,	  as	  they	  respond	  mainly	  to	  precipitation.	  Narrow	  marker	  rings	  seen	  in	  Gulf	  of	  Alaska	  trees	  that	  identify	  the	  1698/9	  and	  1809	  eruptions,	  are	  also	  identified	  in	  trees	  in	  Ohio.	  This	  observation	  leads	  to	  the	  hypothesis	  that	  volcanically	  forced	  cooling,	  which	  caused	  the	  decrease	  in	  growth	  in	  Alaskan	  trees,	  had	  some	  effect	  on	  precipitation	  in	  this	  Midwestern	  state.	  The	  link	  between	  lower	  temperatures	  in	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the	  Gulf	  of	  Alaska	  and	  less	  precipitation	  in	  Ohio,	  leads	  to	  the	  possible	  conclusion	  that	  there	  is	  a	  connection	  in	  atmospheric	  circulation	  between	  the	  two	  areas.	  	  	  	   Analyzing	  periods	  of	  drought	  in	  the	  Midwestern	  United	  States	  provides	  further	  evidence	  for	  this	  possible	  connection	  in	  atmospheric	  circulation.	  The	  North	  American	  Drought	  Atlas	  is	  a	  compilation	  of	  drought	  reconstructions	  created	  using	  tree-­‐ring	  data	  (Cook	  and	  Krusic,	  2004).	  Figure	  21	  shows	  the	  drought	  that	  occurred	  following	  the	  1698/9	  eruption	  for	  several	  years,	  from	  1698	  through	  1703.	  In	  1701,	  a	  semi-­‐recovery	  from	  the	  drought	  can	  be	  seen.	  This	  observation	  is	  consistent	  with	  tree-­‐ring	  data	  from	  both	  the	  Gulf	  of	  Alaska	  and	  Ohio.	  In	  data	  from	  both	  locations,	  tree-­‐rings	  are	  very	  small	  for	  a	  few	  years	  following	  the	  eruption,	  growth	  begins	  to	  pick	  up	  around	  1701,	  and	  then	  growth	  decreases	  again	  for	  a	  couple	  years.	  Figure	  22	  shows	  a	  similar	  drought	  following	  the	  1809	  eruption.	  While	  there	  is	  some	  recovery	  in	  1811,	  the	  drought	  following	  the	  eruption	  persists	  in	  the	  Midwest	  for	  about	  five	  years.	  These	  drought	  reconstructions	  show	  that	  the	  climatic	  effects	  of	  both	  volcanic	  eruptions	  are	  seen	  in	  Ohio,	  as	  well	  as	  in	  the	  Gulf	  of	  Alaska.	  This	  observation	  strengthens	  the	  hypothesis	  that	  there	  is	  a	  connection	  in	  atmospheric	  circulation	  between	  the	  Gulf	  and	  Ohio.	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Figure	  21.	  Drought	  in	  the	  Midwest	  (symbolized	  by	  yellow,	  orange	  and	  red	  colors),	  which	  persists	  for	  several	  years	  following	  the	  1698/9	  volcanic	  eruption	  (Cook	  and	  Krusic,	  2004).	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Figure	  22.	  Drought	  in	  the	  Midwest	  (symbolized	  by	  yellow,	  orange	  and	  red	  colors),	  which	  persists	  for	  several	  years	  following	  the	  1809	  volcanic	  eruption	  (Cook	  and	  Krusic,	  2004).	  	  	  	   Finally,	  comparing	  the	  PDO	  reconstruction	  presented	  in	  this	  paper	  with	  precipitation	  from	  Ohio	  can	  be	  helpful	  in	  further	  establishing	  a	  connection	  in	  atmospheric	  circulation	  between	  Ohio	  and	  the	  Gulf	  of	  Alaska	  (Figure	  23).	  Tree-­‐ring	  data	  from	  Northeast	  Ohio	  was	  used	  to	  reconstruct	  precipitation	  for	  the	  area,	  which	  was	  then	  graphed	  with	  the	  PDO.	  The	  graph	  shows	  that	  the	  PDO	  and	  Northeast	  Ohio	  precipitation	  are	  not	  always	  in	  phase,	  however,	  the	  two	  periods	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during	  both	  the	  1698/9	  and	  1809	  eruptions	  do	  show	  very	  similar	  trends.	  As	  previously	  concluded,	  volcanically	  forced	  cooling	  caused	  by	  these	  two	  strong	  volcanic	  eruptions	  can	  intensify	  a	  negative	  phase	  of	  the	  PDO.	  Analysis	  of	  the	  PDO	  reconstruction	  graphed	  with	  Northeast	  Ohio	  precipitation	  suggests	  that	  the	  drought	  in	  Northeast	  Ohio	  during	  these	  same	  time	  periods	  is	  related	  to	  the	  negative	  PDO	  shifts,	  providing	  further	  evidence	  for	  the	  connection	  in	  atmospheric	  circulation	  between	  the	  two	  areas.	  	  	  	  
	  
Figure	  23.	  The	  PDO	  reconstruction	  presented	  in	  this	  paper	  (blue)	  graphed	  against	  a	  reconstruction	  of	  Northeast	  Ohio	  precipitation	  data	  (red).	  Note	  that	  at	  the	  times	  of	  both	  the	  1698/9	  and	  1809	  eruptions,	  when	  the	  PDO	  enters	  a	  negative	  phase,	  precipitation	  in	  Northeast	  Ohio	  dramatically	  decreases.	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Conclusion	  	  	  	   The	  goal	  of	  this	  study	  was	  to	  first	  use	  tree-­‐ring	  width	  data	  from	  the	  Gulf	  of	  Alaska	  to	  provide	  additional	  evidence	  for	  SVEs	  occurring	  in	  1698/9	  and	  1809.	  The	  second	  part	  of	  this	  study	  uses	  the	  same	  data	  to	  test	  the	  hypothesis	  proposed	  by	  Wang	  et	  al.	  (2012),	  which	  uses	  models	  to	  predict	  that	  SVEs	  can	  ultimately	  force	  the	  PDO	  into	  a	  negative	  phase.	  The	  findings	  of	  this	  study	  are	  as	  follows:	  	  	  
• Tree-­‐ring	  width	  data	  from	  the	  Gulf	  of	  Alaska	  provides	  further	  evidence	  for	  the	  existence	  of	  large	  volcanic	  eruptions	  in	  either	  1698	  or	  1699,	  as	  well	  as	  in	  1809.	  	  	  
• This	  study	  presents	  a	  recent	  and	  possibly	  improved	  reconstruction	  of	  the	  Pacific	  Decadal	  Oscillation	  (PDO)	  that	  was	  created	  using	  tree-­‐ring	  width	  data	  only	  from	  the	  Gulf	  of	  Alaska	  and	  that	  extends	  from	  1562	  through	  1991.	  	  
• Analysis	  of	  the	  PDO	  reconstruction	  at	  the	  times	  of	  the	  1698/9	  and	  1809	  eruptions	  can	  be	  used	  to	  test	  the	  hypothesis	  from	  Wang	  et	  al.	  (2012),	  which	  suggests	  that	  strong	  volcanic	  eruptions	  force	  the	  PDO	  into	  a	  negative	  phase.	  	  	  
• The	  analysis	  shows	  that	  at	  the	  times	  of	  both	  eruptions,	  the	  PDO	  had	  already	  been	  in	  a	  negative	  phase	  for	  about	  six	  to	  eight	  years,	  and	  it	  appears	  that	  the	  eruptions	  intensify	  the	  negative	  shift	  in	  PDO	  instead	  of	  initiating	  or	  forcing	  the	  shift.	  	  	  
• Further	  analysis	  of	  the	  reconstruction	  suggests	  that	  other	  variables,	  including	  El	  Niño	  Southern	  Oscillation,	  atmospheric	  circulation,	  oceanic	  circulation,	  and	  solar	  variability,	  cause	  the	  initial	  shift	  from	  a	  positive	  phase	  to	  a	  negative	  phase.	  Of	  the	  different	  variables,	  solar	  variability	  seems	  especially	  significant,	  as	  solar	  minimums	  are	  occurring	  at	  the	  times	  of	  both	  the	  1698/9	  and	  1809	  eruptions.	  	  
• A	  comparison	  of	  the	  PDO	  reconstruction	  and	  Northeast	  Ohio	  precipitation	  show	  that	  droughts	  in	  Ohio	  lasting	  about	  five	  years	  follow	  both	  volcanic	  eruptions.	  This	  indicates	  that	  there	  might	  be	  a	  connection	  in	  atmospheric	  circulation	  between	  the	  Gulf	  of	  Alaska	  and	  Ohio.	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   The	  COFECHA	  output	  files	  of	  the	  raw	  data	  for	  the	  three	  chronologies	  from	  the	  College	  of	  Wooster	  Tree-­‐Ring	  Lab,	  including	  Excursion	  Ridge,	  Repeater	  Station	  and	  Wright	  Mountain.	  The	  output	  files	  show	  the	  correlation	  of	  each	  series,	  as	  well	  as	  any	  problems	  within	  the	  chronologies.	  Correlations	  of	  0.3281	  or	  higher	  are	  significant	  at	  the	  99%	  confidence	  level.	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1.	  Excursion	  Ridge	  (2007)	  	  
	  
 []  Dendrochronology Program Library                                       Run ZZ     Program COF    Sun   Page   1
 []
 []  P R O G R A M      C O F E C H A                                                                         Version 6.02P        0
 -----------------------------------------------------------------------------------------------------------------------------------
 QUALITY CONTROL AND DATING CHECK OF TREE-RING MEASUREMENTS
 File of DATED series:   Excursion_Ridge_2007_(EX)
 CONTENTS:
    Part 1:  Title page, options selected, summary, absent rings by series
    Part 2:  Histogram of time spans
    Part 3:  Master series with sample depth and absent rings by year
    Part 4:  Bar plot of Master Dating Series
    Part 5:  Correlation by segment of each series with Master
    Part 6:  Potential problems: low correlation, divergent year-to-year changes, absent rings, outliers
    Part 7:  Descriptive statistics
 RUN CONTROL OPTIONS SELECTED                             VALUE
         1  Cubic smoothing spline 50% wavelength cutoff for filtering
                                                            32 years
         2  Segments examined are                           50 years lagged successively by  25 years
         3  Autoregressive model applied                     A  Residuals are used in master dating series and testing
         4  Series not transformed to logarithms             N
         5  CORRELATION is Pearson (parametric, quantitative)
            Critical correlation, 99% confidence level  0.3281
         6  Master dating series saved                       N
         7  Ring measurements listed                         N
         8  Parts printed                              1234567 
         9  Absent rings are omitted from master series and segment correlations  (Y)
 Time span of Master dating series is  1517 to  2006   490 years
 Continuous time span is               1517 to  2006   490 years
 Portion with two or more series is    1533 to  2006   474 years
                                        *******************************************
                                        *C* Number of dated series        38    *C*
                                        *O* Master series  1517  2006   490 yrs *O*
                                        *F* Total rings in all series  10837    *F*
                                        *E* Total dated rings checked  10821    *E*
                                        *C* Series intercorrelation    0.678    *C*
                                        *H* Average mean sensitivity   0.272    *H*
                                        *A* Segments, possible problems    8    *A*
                                        *** Mean length of series      285.2    ***
                                        *******************************************
 ABSENT RINGS listed by SERIES:            (See Master Dating Series for absent rings listed by year)
 EX07SE      1 absent rings:   1798
 EX27NE      1 absent rings:   1821
 EX28NE      1 absent rings:   1825
 EX43SE      1 absent rings:   1570
 EX45E       1 absent rings:   1756
             5 absent rings   0.046%
 PART 2:  TIME PLOT OF TREE-RING SERIES:                                                             Sun   Page   2
 -----------------------------------------------------------------------------------------------------------------------------------
                                                                                                                      Beg  End
 1000      1100      1200      1300      1400      1500      1600      1700      1800      1900      2000 Ident   Seq year year  Yrs
   :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    : -------- --- ---- ---- ----
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .  <==========================> EX01SE     1 1737 2006  270
   .    .    .    .    .    .    .    .    .    .    .    .    .    . <================================> EX01NW     2 1679 2006  328
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <===========================> EX02N      3 1722 2006  285
   .    .    .    .    .    .    .    .    .    .    .    .    .    .<=================================> EX04SE     4 1665 2006  342
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    <===================> EX06S      5 1808 2006  199
   .    .    .    .    .    .    .    .    .    .    .  <==============================================> EX07NE     6 1539 2006  468
   .    .    .    .    .    .    .    .    .    .    .   <=============================================> EX07SE     7 1546 2004  459
   .    .    .    .    .    .    .    .    .    .    .    .    .    .<=================================> EX09NW     8 1669 2006  338
   .    .    .    .    .    .    .    .    .    .    .    .    .<======================================> EX21NE     9 1619 2004  386
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<============================> EX22SE    10 1711 2006  296
   .    .    .    .    .    .    .    .    .    .    .   <=======>  .    .    .    .    .    .    .    . EX23NE    11 1540 1626   87
   .    .    .    .    .    .    .    .    .    .    .    .    .  <====================================> EX23NE    12 1634 2006  373
   .    .    .    .    .    .    .    .    .    .    .    .<===========================================> EX25NW    13 1567 2006  440
   .    .    .    .    .    .    .    .    .    .    .    .    .<======================================> EX27NE    14 1610 2006  397
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<=======================> EX28NE    15 1765 2006  242
   .    .    .    .    .    .    .    .    .    .    .    .    .    .  <===>  .    .    .    .    .    . EX29SW    16 1687 1728   42
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <===========================> EX29SW    17 1720 2006  287
   .    .    .    .    .    .    .    .    .    .    .    .    .<======================================> EX30NW    18 1611 2006  396
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <====================> EX38SW    19 1795 2006  212
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    <=============================> EX41SW    20 1709 2006  298
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    <=============================> EX41SE    21 1709 2006  298
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    <==============> EX42E     22 1850 2006  157
   .    .    .    .    .    .    .    .    .    .    .<================================================> EX43SE    23 1517 2006  490
   .    .    .    .    .    .    .    .    .    .    .    .    .   <================>   .    .    .    . EX44NW    24 1644 1818  175
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <=================> EX44NW    25 1820 2006  187
   .    .    .    .    .    .    .    .    .    .    .    .<===========================================> EX45E     26 1567 2006  440
	   A3	  
	  
   .    .    .    .    .    .    .    .    .    .    .  <=============================================>. EX46N     27 1533 1992  460
   .    .    .    .    .    .    .    .    .    .    .    .  <=========================================> EX47N     28 1585 2006  422
   .    .    .    .    .    .    .    .    .    .    .   <===========================>  .    .    .    . EX47E     29 1547 1827  281
   .    .    .    .    .    .    .    .    .    .    .    . <=============>   .    .    .    .    .    . EX48E     30 1576 1718  143
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<==================> EX48E     31 1810 2006  197
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<============================> EX49N     32 1710 2005  296
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<=============> EX50W     33 1861 2006  146
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <===============> EX51NW    34 1848 2006  159
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    <===================> EX52W     35 1804 2006  203
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <===========================> EX91NE    36 1726 2006  281
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <=================> EX91NW    37 1820 2006  187
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .  <===============>. EX92NW    38 1830 1999  170
 PART 3:  Master Dating Series:                                                                      Sun   Page   3
 -----------------------------------------------------------------------------------------------------------------------------------
  Year  Value   No Ab   Year  Value   No Ab   Year  Value   No Ab   Year  Value   No Ab   Year  Value   No Ab   Year  Value   No Ab
  -------------------   -------------------   -------------------   -------------------   -------------------   -------------------
                                                                    1550 -0.729    6      1600  0.130   10      1650  0.262   14
                                                                    1551  1.549    6      1601 -0.069   10      1651  2.191*  14
                                                                    1552  0.845    6      1602 -0.662   10      1652  0.929   14
                                                                    1553 -0.319    6      1603 -1.276*  10      1653 -0.752   14
                                                                    1554 -1.090*   6      1604 -0.347   10      1654  0.501   14
                                                                    1555 -0.427    6      1605 -1.694*  10      1655 -0.389   14
                                                                    1556  0.499    6      1606 -0.003   10      1656 -0.231   14
                                                                    1557 -1.407*   6      1607 -0.665   10      1657  1.025   14
                                                                    1558  1.892    6      1608  0.093   10      1658  0.218   14
                                                                    1559  1.512    6      1609  1.431   10      1659 -0.878   14
                                                                    1560  0.047    6      1610  2.065*  11      1660 -0.380   14
                                                                    1561 -1.216*   6      1611  2.296*  12      1661 -1.177*  14
                                                                    1562 -0.063    6      1612  1.490   12      1662  0.534   14
                                                                    1563 -0.302    6      1613  0.533   12      1663 -0.756   14
                                                                    1564  0.456    6      1614 -0.134   12      1664 -1.069*  14
                                                                    1565  2.002*   6      1615 -0.401   12      1665 -0.390   15
                                                                    1566  1.365    6      1616 -0.147   12      1666 -0.575   15
                                              1517 -0.439    1      1567  0.088    8      1617  1.012   12      1667 -0.084   15
                                              1518  0.345    1      1568 -0.381    8      1618 -0.317   12      1668  0.483   15
                                              1519  1.116    1      1569 -0.545    8      1619  0.907   13      1669  1.431   16
                                              1520  4.919*   1      1570 -0.553    8  1   1620 -0.705   13      1670  0.698   16
                                              1521 -0.260    1      1571 -0.884    8      1621 -0.063   13      1671  0.948   16
                                              1522 -1.080*   1      1572 -2.118*   8      1622 -1.073*  13      1672 -0.224   16
                                              1523  0.687    1      1573 -1.129*   8      1623 -0.888   13      1673  1.485   16
                                              1524 -0.291    1      1574  0.571    8      1624 -1.155*  13      1674  1.576   16
                                              1525  0.558    1      1575  1.774    8      1625 -0.996   13      1675  0.220   16
                                              1526  0.278    1      1576  0.478    9      1626 -1.387*  13      1676 -1.170*  16
                                              1527 -0.274    1      1577 -0.210    9      1627 -1.427*  12      1677 -0.975   16
                                              1528 -2.573*   1      1578  1.332    9      1628 -1.039*  12      1678  0.172   16
                                              1529 -0.956    1      1579 -0.585    9      1629 -0.942   12      1679 -1.855*  17
                                              1530 -0.258    1      1580 -1.287*   9      1630  0.435   12      1680 -1.511*  17
                                              1531 -0.367    1      1581 -0.054    9      1631 -1.275*  12      1681 -0.623   17
                                              1532 -1.877*   1      1582  0.518    9      1632  0.415   12      1682 -1.050*  17
                                              1533 -0.128    2      1583  1.268    9      1633 -0.316   12      1683  0.320   17
                                              1534 -0.031    2      1584 -0.551    9      1634  1.046   13      1684  0.412   17
                                              1535 -0.769    2      1585 -2.174*  10      1635  1.546   13      1685  1.157   17
                                              1536 -1.671*   2      1586 -0.525   10      1636  1.490   13      1686  0.680   17
                                              1537 -1.434*   2      1587  0.461   10      1637  1.423   13      1687 -0.268   18
                                              1538 -0.766    2      1588  1.041   10      1638  0.692   13      1688  0.075   18
                                              1539  1.350    3      1589  0.788   10      1639 -1.501*  13      1689  0.707   18
                                              1540  0.721    4      1590  1.423   10      1640  0.737   13      1690  0.775   18
                                              1541  0.485    4      1591  1.481   10      1641  0.999   13      1691 -0.148   18
                                              1542  0.215    4      1592 -0.306   10      1642  0.217   13      1692 -0.157   18
                                              1543  0.096    4      1593  0.035   10      1643 -0.468   13      1693  0.872   18
                                              1544  0.600    4      1594  0.902   10      1644 -1.169*  14      1694  1.750   18
                                              1545  0.866    4      1595 -0.227   10      1645 -0.410   14      1695  2.691*  18
                                              1546  0.300    5      1596 -1.537*  10      1646 -1.133*  14      1696 -0.330   18
                                              1547 -0.668    6      1597  0.208   10      1647  0.079   14      1697  0.002   18
                                              1548  0.263    6      1598 -0.713   10      1648 -0.829   14      1698 -1.881*  18
                                              1549 -0.960    6      1599 -0.708   10      1649  0.225   14      1699 -1.058*  18
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  Year  Value   No Ab   Year  Value   No Ab   Year  Value   No Ab   Year  Value   No Ab   Year  Value   No Ab   Year  Value   No Ab
  -------------------   -------------------   -------------------   -------------------   -------------------   -------------------
  1700 -1.144*  18      1750  0.723   24      1800 -1.169*  26      1850 -1.278*  32      1900  0.582   33      1950 -0.412   33
  1701 -0.482   18      1751  0.419   24      1801 -1.022*  26      1851 -1.059*  32      1901  0.682   33      1951  0.234   33
  1702 -1.138*  18      1752  0.228   24      1802 -0.548   26      1852  0.743   32      1902  1.461   33      1952 -0.052   33
  1703 -0.648   18      1753 -0.336   24      1803  0.780   26      1853 -1.093*  32      1903  0.334   33      1953  1.413   33
  1704 -0.338   18      1754 -1.528*  24      1804  1.982   27      1854 -0.375   32      1904 -0.628   33      1954  0.084   33
  1705 -0.911   18      1755 -2.093*  24      1805  1.434   27      1855  0.155   32      1905  1.326   33      1955  0.119   33
  1706 -2.039*  18      1756 -1.705*  24  1   1806  0.190   27      1856  0.332   32      1906  1.388   33      1956 -1.540*  33
  1707 -1.118*  18      1757 -1.387*  24      1807  0.222   27      1857  1.256   32      1907  0.262   33      1957 -0.487   33
  1708  0.479   18      1758 -0.506   24      1808 -0.538   28      1858  1.306   32      1908 -0.001   33      1958  0.466   33
  1709  0.717   20      1759 -0.313   24      1809 -1.208*  28      1859 -0.626   32      1909 -0.464   33      1959  0.771   33
  1710  0.507   21      1760  0.233   24      1810 -1.662*  29      1860  0.452   32      1910 -1.378*  33      1960  0.682   33
  1711  0.105   22      1761  1.359   24      1811 -0.659   29      1861 -0.206   33      1911 -0.817   33      1961  1.643   33
  1712  1.227   22      1762  0.627   24      1812 -0.539   29      1862 -1.237*  33      1912 -0.775   33      1962  0.304   33
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  1713  2.001*  22      1763  1.929   24      1813 -0.760   29      1863 -2.333*  33      1913 -0.170   33      1963  0.558   33
  1714 -0.547   22      1764 -0.362   24      1814 -0.568   29      1864  0.113   33      1914  0.982   33      1964  0.872   33
  1715  0.849   22      1765  1.931   25      1815 -0.120   29      1865 -0.203   33      1915  1.512   33      1965  1.433   33
  1716 -0.473   22      1766  0.928   25      1816  1.268   29      1866  0.315   33      1916  0.956   33      1966  0.530   33
  1717 -1.946*  22      1767  0.430   25      1817  1.204   29      1867  1.664   33      1917 -1.418*  33      1967 -0.030   33
  1718 -0.705   22      1768 -1.187*  25      1818  0.867   29      1868 -0.129   33      1918 -0.169   33      1968  0.442   33
  1719  0.142   21      1769 -0.721   25      1819  0.490   28      1869  1.012   33      1919 -2.241*  33      1969  0.017   33
  1720  0.460   22      1770 -0.975   25      1820 -0.217   30      1870  0.591   33      1920 -0.195   33      1970 -1.493*  33
  1721  0.535   22      1771 -0.269   25      1821 -1.194*  30  1   1871 -0.727   33      1921 -0.240   33      1971 -1.106*  33
  1722  0.914   23      1772  0.751   25      1822 -1.093*  30      1872  0.744   33      1922 -0.632   33      1972 -1.501*  33
  1723  1.931   23      1773  0.323   25      1823 -1.603*  30      1873  0.866   33      1923  0.912   33      1973 -2.349*  33
  1724 -0.252   23      1774  1.923   25      1824 -1.713*  30      1874  0.809   33      1924  1.044   33      1974 -1.551*  33
  1725 -0.655   23      1775 -0.269   25      1825 -0.587   30  1   1875  0.192   33      1925 -0.314   33      1975 -0.590   33
  1726 -0.163   24      1776 -0.195   25      1826 -0.345   30      1876 -1.082*  33      1926  1.065   33      1976 -0.786   33
  1727  0.047   24      1777  1.173   25      1827 -0.802   30      1877 -1.497*  33      1927  0.577   33      1977  1.182   33
  1728 -0.364   24      1778 -1.028*  25      1828  0.980   29      1878 -0.991   33      1928  0.173   33      1978  0.998   33
  1729  0.237   23      1779 -0.783   25      1829  1.829   29      1879  0.719   33      1929  0.627   33      1979  0.704   33
  1730  0.159   23      1780  0.991   25      1830 -0.218   30      1880 -0.883   33      1930  1.936   33      1980  1.788   33
  1731 -1.172*  23      1781 -1.208*  25      1831 -0.825   30      1881  0.901   33      1931  1.130   33      1981  1.129   33
  1732  0.339   23      1782 -1.568*  25      1832  0.434   30      1882  0.133   33      1932 -1.203*  33      1982  0.750   33
  1733  0.659   23      1783 -0.439   25      1833  1.589   30      1883 -1.465*  33      1933 -0.552   33      1983  0.074   33
  1734 -0.221   23      1784 -0.673   25      1834  1.084   30      1884  0.947   33      1934  0.412   33      1984 -0.054   33
  1735  0.652   23      1785  0.621   25      1835  0.525   30      1885  1.700   33      1935  0.253   33      1985 -0.172   33
  1736 -0.202   23      1786 -1.057*  25      1836 -0.566   30      1886  1.085   33      1936 -0.612   33      1986  0.027   33
  1737  1.532   24      1787 -0.677   25      1837  0.035   30      1887 -1.096*  33      1937 -1.870*  33      1987 -0.309   33
  1738 -0.879   24      1788  0.045   25      1838  1.485   30      1888 -0.790   33      1938 -1.004*  33      1988 -0.596   33
  1739  0.503   24      1789 -0.706   25      1839  1.581   30      1889 -0.241   33      1939 -0.226   33      1989 -0.682   33
  1740  0.296   24      1790 -1.537*  25      1840  1.095   30      1890 -0.599   33      1940 -0.536   33      1990  1.112   33
  1741  0.753   24      1791  0.022   25      1841  0.165   30      1891  0.176   33      1941  0.853   33      1991 -0.038   33
  1742  0.533   24      1792  1.313   25      1842 -0.783   30      1892  1.705   33      1942  1.270   33      1992  0.046   33
  1743 -0.631   24      1793  1.560   25      1843 -0.894   30      1893  1.120   33      1943  0.518   33      1993 -1.067*  32
  1744 -1.588*  24      1794  0.382   25      1844  0.251   30      1894  0.144   33      1944  0.261   33      1994  0.486   32
  1745  0.178   24      1795  1.794   26      1845 -0.068   30      1895 -0.525   33      1945  0.171   33      1995  0.694   32
  1746 -1.213*  24      1796  0.376   26      1846  0.104   30      1896 -0.443   33      1946  0.150   33      1996 -0.086   32
  1747  0.759   24      1797  1.571   26      1847 -0.765   30      1897 -1.420*  33      1947 -1.155*  33      1997  1.100   32
  1748  0.918   24      1798  0.295   26  1<  1848  0.820   31      1898 -1.309*  33      1948 -1.211*  33      1998 -0.277   32
  1749  0.347   24      1799 -1.021*  26      1849 -1.316*  31      1899 -0.814   33      1949 -1.756*  33      1999  0.349   32
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  2000 -0.610   31
  2001 -0.358   31
  2002 -1.337*  31
  2003 -0.648   31
  2004  1.820   31
  2005  0.031   29
  2006 -0.192   28
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 Correlations of  50-year dated segments, lagged  25 years
 Flags:  A = correlation under  0.3281 but highest as dated;  * = correlation higher at other than dated position
 Seq Series  Time_span   1525 1550 1575 1600 1625 1650 1675 1700 1725 1750 1775 1800 1825 1850 1875 1900 1925 1950 1975
                         1574 1599 1624 1649 1674 1699 1724 1749 1774 1799 1824 1849 1874 1899 1924 1949 1974 1999 2024
 --- -------- ---------  ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ----
   1 EX01SE   1737 2006                                           .36  .73  .74  .85  .76  .68  .71  .65  .66  .68  .72
   2 EX01NW   1679 2006                                 .59  .62  .71  .88  .84  .70  .77  .82  .77  .73  .72  .68  .70
   3 EX02N    1722 2006                                      .57  .67  .73  .81  .74  .66  .71  .73  .64  .64  .66  .71
   4 EX04SE   1665 2006                            .61  .67  .78  .78  .82  .78  .78  .83  .76  .77  .79  .78  .80  .80
   5 EX06S    1808 2006                                                          .68  .59  .64  .59  .48  .62  .64  .49
   6 EX07NE   1539 2006   .71  .74  .71  .78  .64  .66  .84  .75  .75  .81  .75  .77  .80  .72  .68  .71  .65  .58  .59
   7 EX07SE   1546 2004   .72  .72  .74  .76  .78  .82  .87  .79  .73  .75  .62  .67  .80  .81  .83  .79  .74  .71  .68
   8 EX09NW   1669 2006                            .32A .42  .57  .53  .62  .71  .77  .61  .65  .77  .74  .74  .72  .70
   9 EX21NE   1619 2004                  .52  .60  .69  .75  .64  .63  .73  .64  .59  .71  .72  .65  .50  .48  .63  .70
  10 EX22SE   1711 2006                                      .75  .81  .79  .66  .46* .52  .63  .64  .64  .56  .58  .60
  11 EX23NE   1540 1626   .65  .75  .61  .61
  12 EX23NE   1634 2006                       .72  .86  .88  .76  .72  .77  .75  .81  .80  .72  .76  .78  .75  .67  .66
  13 EX25NW   1567 2006        .68  .75  .78  .74  .82  .83  .68  .69  .71  .72  .82  .83  .75  .70  .52  .52  .72  .69
  14 EX27NE   1610 2006                  .68  .74  .77  .81  .78  .44  .46  .68  .67  .70  .67  .59  .62  .59  .51  .49
  15 EX28NE   1765 2006                                                .86  .76  .66  .75  .81  .90  .80  .73  .77  .72
  16 EX29SW   1687 1728                                 .32*
  17 EX29SW   1720 2006                                      .23* .29* .71  .69  .76  .82  .82  .84  .71  .64  .61  .56
  18 EX30NW   1611 2006                  .74  .77  .74  .76  .76  .81  .80  .73  .74  .68  .68  .79  .80  .79  .70  .73
  19 EX38SW   1795 2006                                                     .75  .77  .71  .60  .62  .74  .74  .68  .60
  20 EX41SW   1709 2006                                      .70  .78  .83  .81  .74  .70  .75  .80  .76  .75  .63  .67
  21 EX41SE   1709 2006                                      .69  .78  .85  .82  .74  .70  .74  .79  .78  .67  .53  .58
  22 EX42E    1850 2006                                                                    .49  .50  .52  .57  .51  .55
  23 EX43SE   1517 2006   .35  .48  .57  .69  .80  .83  .77  .56  .54  .69  .75  .81  .75  .80  .82  .80  .69  .67  .68
  24 EX44NW   1644 1818                       .56  .68  .77  .74  .80  .85  .75
  25 EX44NW   1820 2006                                                          .58  .63  .74  .73  .65  .56  .56  .56
  26 EX45E    1567 2006        .67  .72  .73  .62  .60  .72  .78  .77  .74  .69  .65  .73  .77  .71  .69  .63  .66  .67
  27 EX46N    1533 1992   .59  .71  .70  .57  .20* .31A .70  .69  .74  .75  .75  .78  .56  .57  .73  .78  .67  .59
  28 EX47N    1585 2006             .68  .73  .77  .79  .87  .83  .77  .68  .66  .65  .58  .67  .71  .62  .60  .56  .62
  29 EX47E    1547 1827   .75  .77  .81  .81  .69  .68  .79  .77  .76  .77  .77  .73
  30 EX48E    1576 1718             .72  .85  .80  .79  .80
  31 EX48E    1810 2006                                                          .57  .68  .67  .65  .62  .50  .39  .49
  32 EX49N    1710 2005                                      .76  .83  .84  .78  .80  .76  .72  .71  .64  .55  .57  .60
  33 EX50W    1861 2006                                                                    .62  .72  .74  .77  .71  .72
  34 EX51NW   1848 2006                                                               .77  .79  .62  .46  .66  .66  .58
  35 EX52W    1804 2006                                                          .61  .64  .71  .71  .75  .76  .59  .67
  36 EX91NE   1726 2006                                           .34* .80  .84  .82  .78  .78  .75  .53  .57  .61  .52
  37 EX91NW   1820 2006                                                          .52  .60  .68  .63  .48  .55  .47  .46
  38 EX92NW   1830 1999                                                               .69  .68  .64  .49  .56  .45
 Av segment correlation  0.63 0.69 0.70 0.71 0.67 0.68 0.73 0.69 0.67 0.76 0.74 0.71 0.71 0.71 0.71 0.66 0.65 0.62 0.63
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 For each series with potential problems the following diagnostics may appear:
 [A] Correlations with master dating series of flagged  50-year segments of series filtered with  32-year spline,
     at every point from ten years earlier (-10) to ten years later (+10) than dated
 ===================================================================================================================================
 EX09NW    1669 to  2006
 [A] Segment   High   -10   -9   -8   -7   -6   -5   -4   -3   -2   -1    0   +1   +2   +3   +4   +5   +6   +7   +8   +9  +10
    ---------  ----   ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---
    1669 1718    0    .17 -.17  .13 -.25 -.04  .17 -.03  .20 -.02  .08  .32* .03  .10 -.09  .02 -.33  .01  .05 -.09 -.25  .16
 ===================================================================================================================================
 EX22SE    1711 to  2006
 [A] Segment   High   -10   -9   -8   -7   -6   -5   -4   -3   -2   -1    0   +1   +2   +3   +4   +5   +6   +7   +8   +9  +10
    ---------  ----   ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---
    1800 1849    1    .03 -.04  .04 -.16 -.09 -.12 -.13 -.06  .05  .03  .46| .58* .14 -.13 -.05  .09 -.13 -.04 -.20 -.08 -.18
 ===================================================================================================================================
 EX29SW    1687 to  1728
 [A] Segment   High   -10   -9   -8   -7   -6   -5   -4   -3   -2   -1    0   +1   +2   +3   +4   +5   +6   +7   +8   +9  +10
    ---------  ----   ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---
    1687 1728    2   -.21  .01  .03 -.08 -.06 -.05 -.03 -.07  .19  .42  .32| .00  .47*-.08 -.21 -.12  .01 -.31 -.02 -.17  .13
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    - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
    1720 1769   -1   -.12  .04 -.18 -.02 -.10 -.34  .21  .14  .07  .32* .23| .20 -.10 -.19 -.27  .04 -.25  .13 -.22  .17 -.03
    1725 1774   -1   -.21 -.04 -.09 -.03 -.09 -.26  .20  .07  .06  .34* .29| .08 -.03 -.10 -.34  .04 -.24  .06 -.24  .25 -.13
 [*] Early part of series cannot be checked from 1517 to 1532 -- not matched by another series
 ===================================================================================================================================
 EX46N     1533 to  1992
 [A] Segment   High   -10   -9   -8   -7   -6   -5   -4   -3   -2   -1    0   +1   +2   +3   +4   +5   +6   +7   +8   +9  +10
    ---------  ----   ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---
    1625 1674   -3   -.33  .03 -.07  .10  .01  .14 -.07  .39* .07  .11  .20|-.02  .19 -.19  .11 -.07 -.16 -.14  .02 -.39  .08
    1650 1699    0   -.17 -.11 -.11 -.02 -.12  .04 -.14  .01  .11  .12  .31* .03  .05 -.01  .14  .11 -.29 -.09 -.05 -.08  .05
 ===================================================================================================================================
 EX91NE    1726 to  2006
 [A] Segment   High   -10   -9   -8   -7   -6   -5   -4   -3   -2   -1    0   +1   +2   +3   +4   +5   +6   +7   +8   +9  +10
    ---------  ----   ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---
    1726 1775   -2   -.06 -.15  .06  .01 -.16 -.08 -.10 -.13  .48*-.21  .34|-.12  .24  .07 -.09 -.24  .20 -.17 -.02 -.03 -.19
 ===================================================================================================================================
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                                                Corr   //-------- Unfiltered --------\\  //---- Filtered -----\\
                           No.    No.    No.    with   Mean   Max     Std   Auto   Mean   Max     Std   Auto  AR
 Seq Series   Interval   Years  Segmt  Flags   Master  msmt   msmt    dev   corr   sens  value    dev   corr  ()
 --- -------- ---------  -----  -----  -----   ------ -----  -----  -----  -----  -----  -----  -----  -----  --
   1 EX01SE   1737 2006    270     11      0   0.625   0.58   1.31  0.266  0.741  0.255   1.21  0.326  0.009   1
   2 EX01NW   1679 2006    328     13      0   0.727   0.68   2.31  0.341  0.842  0.228   0.84  0.289 -0.023   1
   3 EX02N    1722 2006    285     12      0   0.683   0.66   1.37  0.231  0.653  0.237   0.94  0.303  0.027   1
   4 EX04SE   1665 2006    342     14      0   0.760   0.45   1.58  0.271  0.837  0.244   1.01  0.329 -0.002   3
   5 EX06S    1808 2006    199      8      0   0.578   0.62   1.77  0.262  0.722  0.247   0.84  0.320 -0.002   3
   6 EX07NE   1539 2006    468     19      0   0.716   0.54   1.94  0.319  0.772  0.331   1.47  0.409 -0.008   1
   7 EX07SE   1546 2004    459     19      0   0.748   0.43   1.97  0.307  0.840  0.328   1.25  0.392 -0.015   1
   8 EX09NW   1669 2006    338     14      1   0.607   0.55   1.35  0.247  0.799  0.244   0.93  0.325  0.020   1
   9 EX21NE   1619 2004    386     16      0   0.631   0.64   2.47  0.408  0.825  0.277   1.58  0.417  0.002   4
  10 EX22SE   1711 2006    296     12      1   0.638   0.52   1.65  0.245  0.562  0.372   0.93  0.404  0.013   1
  11 EX23NE   1540 1626     87      4      0   0.605   0.26   0.72  0.174  0.851  0.323   0.88  0.373  0.027   1
  12 EX23NE   1634 2006    373     15      0   0.747   0.41   1.12  0.211  0.824  0.261   1.11  0.345  0.023   1
  13 EX25NW   1567 2006    440     18      0   0.714   0.44   1.16  0.194  0.685  0.299   1.11  0.373 -0.014   1
  14 EX27NE   1610 2006    397     16      0   0.645   0.41   1.64  0.329  0.874  0.312   1.07  0.376 -0.007   1
  15 EX28NE   1765 2006    242     10      0   0.770   0.54   1.23  0.271  0.770  0.300   0.83  0.348 -0.005   1
  16 EX29SW   1687 1728     42      1      1   0.315   0.51   1.52  0.410  0.689  0.498   1.78  0.649 -0.020   1
  17 EX29SW   1720 2006    287     12      2   0.623   0.68   2.60  0.343  0.810  0.248   1.45  0.330  0.013   5
  18 EX30NW   1611 2006    396     16      0   0.749   0.57   1.41  0.227  0.738  0.242   0.90  0.303 -0.004   1
  19 EX38SW   1795 2006    212      9      0   0.677   0.59   1.31  0.242  0.725  0.251   0.90  0.317  0.020   1
  20 EX41SW   1709 2006    298     12      0   0.745   0.66   1.57  0.296  0.781  0.268   0.98  0.357  0.012   1
  21 EX41SE   1709 2006    298     12      0   0.731   0.66   1.85  0.303  0.778  0.266   1.32  0.367  0.003   1
  22 EX42E    1850 2006    157      6      0   0.508   1.53   3.55  0.675  0.800  0.209   0.78  0.284  0.037   1
  23 EX43SE   1517 2006    490     19      0   0.677   0.45   1.50  0.260  0.786  0.302   1.39  0.386  0.018   1
  24 EX44NW   1644 1818    175      7      0   0.725   0.63   3.05  0.377  0.701  0.251   1.04  0.353  0.003   1
  25 EX44NW   1820 2006    187      8      0   0.618   0.26   0.54  0.091  0.615  0.251   0.84  0.303 -0.020   1
  26 EX45E    1567 2006    440     18      0   0.694   0.34   1.25  0.191  0.628  0.372   1.25  0.421  0.005   1
  27 EX46N    1533 1992    460     18      2   0.614   0.47   1.64  0.247  0.739  0.271   1.03  0.348 -0.013   1
  28 EX47N    1585 2006    422     17      0   0.690   0.52   1.32  0.270  0.879  0.202   0.86  0.273 -0.011   1
  29 EX47E    1547 1827    281     12      0   0.748   0.68   1.65  0.284  0.786  0.227   0.81  0.296  0.019   1
  30 EX48E    1576 1718    143      5      0   0.768   0.63   1.10  0.200  0.571  0.240   0.76  0.294 -0.017   1
  31 EX48E    1810 2006    197      8      0   0.571   0.27   0.58  0.103  0.705  0.244   0.87  0.295 -0.007   1
  32 EX49N    1710 2005    296     12      0   0.717   0.44   1.22  0.226  0.756  0.296   0.94  0.348  0.001   2
  33 EX50W    1861 2006    146      6      0   0.709   0.99   2.67  0.450  0.782  0.240   1.00  0.306  0.005   1
  34 EX51NW   1848 2006    159      7      0   0.627   0.76   1.91  0.414  0.900  0.227   0.74  0.290  0.022   1
  35 EX52W    1804 2006    203      8      0   0.674   0.78   2.15  0.305  0.622  0.247   0.86  0.316  0.010   1
  36 EX91NE   1726 2006    281     11      1   0.622   0.83   1.77  0.345  0.778  0.236   0.94  0.302  0.007   1
  37 EX91NW   1820 2006    187      8      0   0.534   0.75   1.44  0.290  0.746  0.250   0.80  0.320 -0.009   2
  38 EX92NW   1830 1999    170      6      0   0.575   7.66  14.36  2.757  0.716  0.223   0.71  0.287  0.002   2
 --- -------- ---------  -----  -----  -----   ------ -----  -----  -----  -----  -----  -----  -----  -----  --
 Total or mean:          10837    439      8   0.678   0.67  14.36  0.318  0.761  0.272   1.78  0.345  0.002
                                              - = [  COFECHA ZZ   COF  ] = -
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  Repeater	  Station	  	  
	  
 []  Dendrochronology Program Library                                       Run ZZ     Program COF    Sun   Page   1
 []
 []  P R O G R A M      C O F E C H A                                                                         Version 6.02P        0
 -----------------------------------------------------------------------------------------------------------------------------------
 QUALITY CONTROL AND DATING CHECK OF TREE-RING MEASUREMENTS
 File of DATED series:   Repeater_Station
 CONTENTS:
    Part 1:  Title page, options selected, summary, absent rings by series
    Part 2:  Histogram of time spans
    Part 3:  Master series with sample depth and absent rings by year
    Part 4:  Bar plot of Master Dating Series
    Part 5:  Correlation by segment of each series with Master
    Part 6:  Potential problems: low correlation, divergent year-to-year changes, absent rings, outliers
    Part 7:  Descriptive statistics
 RUN CONTROL OPTIONS SELECTED                             VALUE
         1  Cubic smoothing spline 50% wavelength cutoff for filtering
                                                            32 years
         2  Segments examined are                           50 years lagged successively by  25 years
         3  Autoregressive model applied                     A  Residuals are used in master dating series and testing
         4  Series not transformed to logarithms             N
         5  CORRELATION is Pearson (parametric, quantitative)
            Critical correlation, 99% confidence level  0.3281
         6  Master dating series saved                       N
         7  Ring measurements listed                         N
         8  Parts printed                              1234567 
         9  Absent rings are omitted from master series and segment correlations  (Y)
 Time span of Master dating series is  1562 to  2009   448 years
 Continuous time span is               1562 to  2009   448 years
 Portion with two or more series is    1577 to  2009   433 years
                                        *******************************************
                                        *C* Number of dated series        78    *C*
                                        *O* Master series  1562  2009   448 yrs *O*
                                        *F* Total rings in all series  17726    *F*
                                        *E* Total dated rings checked  17711    *E*
                                        *C* Series intercorrelation    0.672    *C*
                                        *H* Average mean sensitivity   0.308    *H*
                                        *A* Segments, possible problems    9    *A*
                                        *** Mean length of series      227.3    ***
                                        *******************************************
 ABSENT RINGS listed by SERIES:            (See Master Dating Series for absent rings listed by year)
 RS03NE2     1 absent rings:   1699
 RS03NE+2   11 absent rings:   1754  1764  1768  1806  1883  1895  1910  1932  1944  1948  1973
 RS04NE      3 absent rings:   1973  2006  2007
 RS04NW      1 absent rings:   1862
 RS06NW      3 absent rings:   1883  1948  1949
 RS09NE      1 absent rings:   1949
 RS51N       3 absent rings:   1822  1824  1877
 RS54W       1 absent rings:   1814
 RS64W       1 absent rings:   1973
 SR43SE      1 absent rings:   1833
 SR45N       1 absent rings:   1910
 SR45NE      1 absent rings:   1755
 SR50        1 absent rings:   1949
            29 absent rings   0.164%
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                                                                                                                      Beg  End
 1000      1100      1200      1300      1400      1500      1600      1700      1800      1900      2000 Ident   Seq year year  Yrs
   :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    : -------- --- ---- ---- ----
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <====================> RS01NE     1 1793 2008  216
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <===============> RS01NW     2 1845 2008  164
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<============================> RS02N      3 1712 2008  297
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <====================> RS02NE     4 1793 2008  216
   .    .    .    .    .    .    .    .    .    .    .    .   <========================>.    .    .    . RS03NE2    5 1591 1842  252
   .    .    .    .    .    .    .    .    .    .    .    .    .    .  <===============================> RS03NE+2   6 1681 2008  328
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <===========================> RS04NE     7 1726 2008  283
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <==============>.    .    . RS04NW     8 1745 1895  151
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .  <=====================> RS05N      9 1782 2008  227
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <====================> RS05SW    10 1793 2008  216
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   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <====================> RS06NE    11 1798 2008  211
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<==================> RS06NW    12 1815 2008  194
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .  <================> RS09NE    13 1833 2002  170
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .  <================> RS09SW    14 1836 2008  173
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<=============> RS35W     15 1861 2008  148
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <===========================> RS51E     16 1720 2008  289
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    <=============================> RS51N     17 1708 2008  301
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <=========================> RS51SE    18 1748 2008  261
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    <===================> RS51SW    19 1802 2008  207
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<============================> RS52NE    20 1711 2008  298
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .  <===========> RS5?N     21 1882 2008  127
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <===============> RS53E     22 1843 2008  166
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<============================> RS53NE    23 1715 2008  294
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<======================>. RS53SW    24 1769 1995  227
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <======================> RS54      25 1771 2008  238
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <=========================> RS54E     26 1740 2008  269
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <=========================> RS54NW    27 1748 2008  261
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    <========================> RS54W     28 1751 2008  258
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    <===================> RS56N     29 1805 2008  204
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<==================> RS56NW    30 1814 2008  195
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <=================> RS57N     31 1826 2008  183
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .  <================> RS57NW    32 1834 2008  175
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <===============> RS58W     33 1847 2008  162
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .  <===========> RS59E     34 1882 2008  127
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    <==============> RS59N     35 1857 2008  152
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <======================> RS6*NE    36 1771 2008  238
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <============> RS60-     37 1878 2008  131
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <============> RS60+     38 1878 2008  131
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <===============> RS61N     39 1847 2008  162
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <============> RS61NW    40 1875 2008  134
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    <===================> RS62N     41 1806 2008  203
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .  <=====================> RS62W     42 1781 2008  228
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<=======================> RS63N     43 1760 2008  249
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .  <=====================> RS63W     44 1788 2008  221
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<=======================> RS64N     45 1768 2008  241
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .  <=====================> RS64W     46 1784 2008  225
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <====================> RS80SW    47 1792 2008  217
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    <========================> RS81SW    48 1756 2008  253
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .  <=====================> SR33E     49 1789 2009  221
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <=================> SR33SE    50 1829 2009  181
   :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :
 1000      1100      1200      1300      1400      1500      1600      1700      1800      1900      2000
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                                                                                                                      Beg  End
 1000      1100      1200      1300      1400      1500      1600      1700      1800      1900      2000 Ident   Seq year year  Yrs
   :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    : -------- --- ---- ---- ----
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    <===================> SR34NE    51 1808 2009  202
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    <===================> SR34NW    52 1808 2009  202
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <=================> SR35NE    53 1821 2009  189
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    <========================> SR36NE    54 1753 2009  257
   .    .    .    .    .    .    .    .    .    .    .    .    .    . <================================> SR36SE    55 1679 2009  331
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<========> SR38SE    56 1916 2009   94
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<========> SR38SE+   57 1916 2009   94
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    <===================> SR39NW+   58 1805 2009  205
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .  <=====================> SR39NW    59 1786 2009  224
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <======================> SR40SE    60 1778 2009  232
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <====================> SR40SW    61 1794 2009  216
   .    .    .    .    .    .    .    .    .    .    .    .    .    .  <===============================> SR41NE    62 1687 2009  323
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<============================> SR41W     63 1719 2009  291
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <====================> SR43NE    64 1794 2009  216
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    <========================> SR43SE    65 1759 2009  251
   .    .    .    .    .    .    .    .    .    .    .    .<===========================================> SR44SW    66 1562 2009  448
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    <=============================> SR45W     67 1702 2009  308
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    <=============================> SR45N     68 1700 2009  310
   .    .    .    .    .    .    .    .    .    .    .    . <==========================================> SR45NE    69 1577 2009  433
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<=======================> SR46SE    70 1761 2009  249
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .  <=====================> SR46E     71 1783 2009  227
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <======================> SR47SW    72 1776 2009  234
   .    .    .    .    .    .    .    .    .    .    .    .    .    .  <==================>  .    .    . SR48-1    73 1683 1875  193
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <===========================> SR49      74 1729 2009  281
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    <========================> SR50      75 1754 2009  256
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<============================> SR53      76 1711 2009  299
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <===========================> SR54      77 1729 2009  281
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <===================>. SR55      78 1794 1998  205
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  Year  Value   No Ab   Year  Value   No Ab   Year  Value   No Ab   Year  Value   No Ab   Year  Value   No Ab   Year  Value   No Ab
  -------------------   -------------------   -------------------   -------------------   -------------------   -------------------
                                                                                          1600  1.908    3      1650  1.235    3
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                                                                                          1601  0.744    3      1651  2.350*   3
                                                                                          1602 -0.472    3      1652 -0.137    3
                                                                                          1603 -0.384    3      1653 -0.220    3
                                                                                          1604  0.672    3      1654  1.167    3
                                                                                          1605 -1.276*   3      1655 -0.341    3
                                                                                          1606 -0.779    3      1656 -0.849    3
                                                                                          1607 -1.825*   3      1657  1.191    3
                                                                                          1608  0.081    3      1658 -0.594    3
                                                                                          1609  1.967    3      1659 -1.410*   3
                                                                                          1610  2.161*   3      1660 -0.871    3
                                                                                          1611  2.027*   3      1661 -1.555*   3
                                                                    1562  1.422    1      1612  1.126    3      1662  0.719    3
                                                                    1563 -0.438    1      1613  0.114    3      1663 -1.221*   3
                                                                    1564  0.547    1      1614 -0.743    3      1664 -1.710*   3
                                                                    1565  1.640    1      1615 -0.437    3      1665 -0.846    3
                                                                    1566  1.257    1      1616 -0.588    3      1666 -0.284    3
                                                                    1567 -0.911    1      1617  0.549    3      1667  0.700    3
                                                                    1568 -0.705    1      1618 -0.470    3      1668  0.366    3
                                                                    1569 -1.369*   1      1619  0.728    3      1669  2.020*   3
                                                                    1570 -1.166*   1      1620 -1.232*   3      1670  1.281    3
                                                                    1571 -2.389*   1      1621 -1.540*   3      1671  2.245*   3
                                                                    1572 -2.357*   1      1622 -1.927*   3      1672 -0.036    3
                                                                    1573 -0.732    1      1623  0.027    3      1673  1.055    3
                                                                    1574  0.789    1      1624 -0.732    3      1674 -0.066    3
                                                                    1575  1.826    1      1625  0.091    3      1675 -0.503    3
                                                                    1576  0.906    1      1626 -1.188*   3      1676 -0.489    3
                                                                    1577 -0.413    2      1627 -1.467*   3      1677 -0.884    3
                                                                    1578  2.255*   2      1628 -1.119*   3      1678 -0.471    3
                                                                    1579  0.056    2      1629 -1.070*   3      1679 -1.923*   4
                                                                    1580 -1.390*   2      1630  0.778    3      1680 -0.571    4
                                                                    1581  1.456    2      1631 -0.187    3      1681  0.419    5
                                                                    1582  0.558    2      1632  2.240*   3      1682  0.041    5
                                                                    1583 -0.288    2      1633  0.441    3      1683  0.496    6
                                                                    1584 -0.097    2      1634  1.609    3      1684  0.162    6
                                                                    1585 -0.286    2      1635  0.377    3      1685  0.444    6
                                                                    1586  0.553    2      1636  0.595    3      1686  0.804    6
                                                                    1587  0.679    2      1637  0.156    3      1687  0.156    7
                                                                    1588 -1.598*   2      1638  0.272    3      1688 -0.359    7
                                                                    1589  0.340    2      1639 -1.891*   3      1689 -0.473    7
                                                                    1590  0.446    2      1640  1.536    3      1690  0.118    7
                                                                    1591  1.245    3      1641  1.367    3      1691  0.040    7
                                                                    1592  0.597    3      1642 -0.032    3      1692 -0.566    7
                                                                    1593 -0.121    3      1643 -0.643    3      1693  0.181    7
                                                                    1594 -0.876    3      1644 -0.962    3      1694  2.521*   7
                                                                    1595 -1.375*   3      1645  0.039    3      1695  0.723    7
                                                                    1596 -1.481*   3      1646 -1.571*   3      1696 -0.973    7
                                                                    1597 -1.100*   3      1647  0.244    3      1697 -0.179    7
                                                                    1598  0.385    3      1648 -0.921    3      1698 -1.548*   7
                                                                    1599  0.037    3      1649  0.875    3      1699 -1.213*   7  1
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  1700 -0.079    8      1750  1.343   23      1800 -0.678   51      1850 -0.756   68      1900  1.388   73      1950  0.095   75
  1701  1.546    8      1751 -0.538   24      1801  0.502   51      1851  0.025   68      1901  0.489   73      1951  0.753   75
  1702  1.215    9      1752  0.171   24      1802  0.286   52      1852  0.909   68      1902  1.022   73      1952 -0.045   75
  1703  0.308    9      1753 -0.357   25      1803  1.303   52      1853 -1.573*  68      1903  0.096   73      1953  1.435   75
  1704  0.350    9      1754 -1.136*  26  1   1804  2.440*  52      1854 -0.775   68      1904 -0.186   73      1954  0.344   75
  1705 -0.530    9      1755 -1.648*  26  1   1805  1.179   54      1855  0.538   68      1905  2.105*  73      1955 -0.018   75
  1706 -2.663*   9      1756 -0.336   27      1806 -0.705   55  1   1856 -0.913   68      1906  0.706   73      1956 -1.034*  75
  1707  0.218    9      1757 -0.809   27      1807 -0.760   55      1857  0.420   69      1907 -0.310   73      1957  0.097   75
  1708  0.576   10      1758  0.755   27      1808  0.102   57      1858  0.989   69      1908 -0.254   73      1958  1.120   75
  1709  0.328   10      1759  0.497   28      1809 -0.933   57      1859 -0.225   69      1909 -1.172*  73      1959  0.210   75
  1710 -1.304*  10      1760  0.824   29      1810 -1.643*  57      1860  0.836   69      1910 -2.255*  73  2   1960 -0.265   75
  1711 -0.026   12      1761  0.798   30      1811 -1.200*  57      1861  1.070   70      1911 -0.885   73      1961  0.972   75
  1712  0.627   13      1762  0.425   30      1812 -0.097   57      1862 -1.303*  70  1   1912 -0.432   73      1962 -1.213*  75
  1713  1.458   13      1763  1.239   30      1813  0.156   57      1863 -1.541*  70      1913 -0.491   73      1963  0.532   75
  1714 -1.309*  13      1764 -1.437*  30  1   1814  0.015   58  1<  1864  0.095   70      1914  0.520   73      1964 -0.173   75
  1715  0.253   14      1765  0.750   30      1815 -0.543   59      1865 -0.883   70      1915  1.640   73      1965  0.986   75
  1716 -0.420   14      1766  0.323   30      1816  1.588   59      1866  0.021   70      1916  0.173   75      1966  1.425   75
  1717 -2.047*  14      1767  0.580   30      1817  0.931   59      1867  0.544   70      1917 -1.833*  75      1967 -0.223   75
  1718 -0.669   14      1768 -1.819*  31  1   1818  0.694   59      1868 -0.820   70      1918  0.299   75      1968  0.724   75
  1719 -0.044   15      1769 -0.730   32      1819  0.154   59      1869  1.129   70      1919 -1.438*  75      1969  1.101   75
  1720  1.555   16      1770 -0.303   32      1820  0.098   59      1870  0.090   70      1920  1.009   75      1970 -0.798   75
  1721  1.033   16      1771  0.722   34      1821 -1.081*  60      1871 -0.501   70      1921  0.992   75      1971 -0.541   75
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  1722  1.417   16      1772 -0.287   34      1822 -1.680*  60  1   1872  0.773   70      1922  0.169   75      1972 -1.180*  75
  1723  1.573   16      1773  0.307   34      1823 -1.313*  60      1873  1.965   70      1923  0.892   75      1973 -2.431*  75  3
  1724 -0.523   16      1774  0.421   34      1824 -1.041*  60  1   1874  1.889   70      1924  0.436   75      1974 -1.310*  75
  1725  0.074   16      1775 -0.495   34      1825  0.857   60      1875 -0.049   71      1925 -0.595   75      1975 -1.227*  75
  1726  0.248   17      1776  0.454   35      1826  0.532   61      1876 -0.966   70      1926  1.018   75      1976 -0.971   75
  1727  0.005   17      1777  1.052   35      1827 -0.196   61      1877 -1.030*  70  1   1927  0.649   75      1977  1.105   75
  1728 -0.570   17      1778 -0.656   36      1828  1.325   61      1878 -0.154   72      1928 -0.647   75      1978  0.978   75
  1729  0.001   19      1779 -0.558   36      1829  0.833   62      1879  0.526   72      1929 -0.065   75      1979  0.293   75
  1730 -1.727*  19      1780  1.199   36      1830 -0.331   62      1880 -0.867   72      1930  0.795   75      1980  1.957   75
  1731 -1.496*  19      1781  0.184   37      1831 -1.654*  62      1881  0.705   72      1931  0.345   75      1981  1.517   75
  1732 -0.185   19      1782 -0.658   38      1832  0.377   62      1882 -0.674   74      1932 -2.440*  75  1   1982  0.819   75
  1733  0.147   19      1783 -0.666   39      1833  0.842   63  1<  1883 -2.265*  74  2   1933 -0.981   75      1983  0.923   75
  1734  0.426   19      1784 -0.311   40      1834 -0.234   64      1884 -0.131   74      1934  0.004   75      1984  0.618   75
  1735  0.796   19      1785  1.085   40      1835  0.059   64      1885  1.823   74      1935  0.490   75      1985 -0.815   75
  1736 -0.153   19      1786 -1.192*  41      1836 -1.416*  65      1886  0.945   74      1936  0.572   75      1986 -0.125   75
  1737  1.582   19      1787 -0.352   41      1837 -0.587   65      1887 -1.445*  74      1937 -0.463   75      1987 -0.703   75
  1738  0.596   19      1788  0.004   42      1838  1.131   65      1888 -0.247   74      1938 -0.322   75      1988 -1.174*  75
  1739  1.460   19      1789 -0.514   43      1839  1.616   65      1889 -0.669   74      1939  0.410   75      1989 -1.294*  75
  1740 -0.523   20      1790 -0.799   43      1840  1.153   65      1890 -0.237   74      1940 -0.033   75      1990  0.175   75
  1741 -0.453   20      1791 -0.039   43      1841 -0.158   65      1891  0.363   74      1941  0.780   75      1991 -0.382   75
  1742 -0.506   20      1792  1.670   44      1842 -0.496   65      1892  0.667   74      1942  1.839   75      1992 -0.729   75
  1743  0.043   20      1793  1.042   47      1843 -0.610   65      1893  0.325   74      1943  0.362   75      1993 -0.087   75
  1744 -1.554*  20      1794 -0.952   50      1844  1.370   65      1894 -0.134   74      1944 -0.504   75  1   1994  0.412   75
  1745  0.612   21      1795  0.347   50      1845  0.581   66      1895 -1.420*  74  1   1945 -0.108   75      1995  0.672   75
  1746 -0.913   21      1796 -0.929   50      1846  0.600   66      1896 -0.015   73      1946  0.357   75      1996 -0.122   74
  1747  0.029   21      1797  1.318   50      1847 -0.980   68      1897  0.256   73      1947 -0.745   75      1997  1.772   74
  1748  0.718   23      1798 -0.440   51      1848  0.328   68      1898 -0.228   73      1948 -1.202*  75  2   1998  0.764   74
  1749  0.116   23      1799 -1.089*  51      1849 -0.880   68      1899 -0.438   73      1949 -2.624*  75  3   1999 -0.037   73
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  Year  Value   No Ab   Year  Value   No Ab   Year  Value   No Ab   Year  Value   No Ab   Year  Value   No Ab   Year  Value   No Ab
  -------------------   -------------------   -------------------   -------------------   -------------------   -------------------
  2000 -0.835   73
  2001 -0.693   73
  2002 -1.098*  73
  2003 -0.532   72
  2004  1.520   72
  2005  1.800   72
  2006  0.213   72  1<
  2007 -1.078*  72  1
  2008 -0.881   72
  2009  1.237   28
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 Correlations of  50-year dated segments, lagged  25 years
 Flags:  A = correlation under  0.3281 but highest as dated;  * = correlation higher at other than dated position
 Seq Series  Time_span   1575 1600 1625 1650 1675 1700 1725 1750 1775 1800 1825 1850 1875 1900 1925 1950 1975
                         1624 1649 1674 1699 1724 1749 1774 1799 1824 1849 1874 1899 1924 1949 1974 1999 2024
 --- -------- ---------  ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ----
   1 RS01NE   1793 2008                                           .72  .74  .81  .84  .77  .69  .71  .80  .85
   2 RS01NW   1845 2008                                                     .86  .75  .64  .74  .78  .77  .77
   3 RS02N    1712 2008                            .63  .71  .75  .68  .65  .72  .78  .76  .75  .80  .69  .69
   4 RS02NE   1793 2008                                           .72  .68  .66  .65  .71  .83  .82  .81  .81
   5 RS03NE2  1591 1842   .40  .49  .47  .20A .41  .73  .65  .77  .82  .85
   6 RS03NE+2 1681 2008                       .70  .75  .51  .50  .71  .77  .76  .74  .80  .72  .61  .74  .76
   7 RS04NE   1726 2008                                 .77  .76  .71  .80  .80  .74  .81  .79  .71  .72  .74
   8 RS04NW   1745 1895                                 .56  .64  .66  .64  .67  .72
   9 RS05N    1782 2008                                           .76  .78  .73  .76  .84  .81  .74  .75  .70
  10 RS05SW   1793 2008                                           .73  .75  .74  .75  .73  .74  .79  .83  .77
  11 RS06NE   1798 2008                                           .69  .69  .65  .71  .77  .71  .62  .49  .55
  12 RS06NW   1815 2008                                                .66  .74  .78  .78  .77  .70  .62  .66
  13 RS09NE   1833 2002                                                     .53  .55  .51  .49  .66  .71  .70
  14 RS09SW   1836 2008                                                     .42  .42  .53  .63  .61  .60  .66
  15 RS35W    1861 2008                                                          .54  .56  .51  .54  .65  .71
  16 RS51E    1720 2008                            .76  .78  .75  .73  .73  .72  .68  .57  .58  .64  .62  .65
  17 RS51N    1708 2008                            .74  .83  .84  .77  .70  .74  .68  .64  .73  .74  .77  .79
  18 RS51SE   1748 2008                                 .64  .61  .67  .81  .84  .81  .80  .80  .79  .71  .73
  19 RS51SW   1802 2008                                                .77  .78  .81  .83  .85  .83  .67  .63
  20 RS52NE   1711 2008                            .77  .75  .72  .64  .69  .79  .83  .90  .86  .79  .70  .72
  21 RS5?N    1882 2008                                                               .50  .49  .51  .71  .74
  22 RS53E    1843 2008                                                     .57  .62  .47  .50  .66  .69  .73
  23 RS53NE   1715 2008                            .54  .39  .61  .72  .64  .72  .77  .78  .75  .76  .75  .77
  24 RS53SW   1769 1995                                      .69  .70  .54  .60  .75  .78  .78  .73  .75
  25 RS54     1771 2008                                      .50  .55  .67  .68  .60  .43  .34  .50  .72  .71
  26 RS54E    1740 2008                                 .21* .43  .67  .60  .60  .63  .58  .49  .54  .52  .56
  27 RS54NW   1748 2008                                 .46  .51  .64  .67  .72  .63  .61  .78  .80  .78  .75
  28 RS54W    1751 2008                                      .54  .61  .61  .70  .76  .71  .81  .85  .70  .64
  29 RS56N    1805 2008                                                .56  .58  .68  .85  .83  .75  .79  .83
  30 RS56NW   1814 2008                                                .39  .46  .69  .84  .84  .86  .84  .85
  31 RS57N    1826 2008                                                     .50  .55  .71  .70  .71  .83  .82
  32 RS57NW   1834 2008                                                     .45  .56  .67  .63  .68  .80  .76
  33 RS58W    1847 2008                                                     .63  .61  .60  .62  .65  .60  .55
  34 RS59E    1882 2008                                                               .53  .54  .64  .71  .73
  35 RS59N    1857 2008                                                          .36  .52  .57  .61  .54  .56
  36 RS6*NE   1771 2008                                      .64  .70  .75  .73  .78  .83  .83  .76  .67  .62
  37 RS60-    1878 2008                                                               .64  .64  .58  .65  .69
  38 RS60+    1878 2008                                                               .53  .50  .50  .73  .73
  39 RS61N    1847 2008                                                     .49  .50  .64  .65  .59  .67  .72
  40 RS61NW   1875 2008                                                               .62  .69  .74  .68  .68
  41 RS62N    1806 2008                                                .64  .67  .65  .71  .76  .69  .64  .68
  42 RS62W    1781 2008                                           .61  .72  .63  .59  .55  .38  .22* .41  .36
  43 RS63N    1760 2008                                      .30A .56  .60  .57  .59  .62  .60  .56  .57  .66
  44 RS63W    1788 2008                                           .78  .73  .62  .64  .79  .75  .70  .76  .77
  45 RS64N    1768 2008                                      .48  .49  .61  .66  .68  .74  .69  .66  .70  .68
  46 RS64W    1784 2008                                           .68  .63  .62  .63  .69  .72  .70  .65  .60
  47 RS80SW   1792 2008                                           .77  .75  .73  .79  .86  .87  .78  .68  .53
  48 RS81SW   1756 2008                                      .63  .65  .47  .39  .48  .59  .57  .51  .59  .55
  49 SR33E    1789 2009                                           .39  .44  .69  .67  .60  .67  .74  .77  .77
  50 SR33SE   1829 2009                                                     .71  .80  .82  .76  .70  .77  .85
  51 SR34NE   1808 2009                                                .67  .67  .60  .67  .63  .62  .75  .77
  52 SR34NW   1808 2009                                                .71  .79  .70  .72  .77  .72  .79  .85
  53 SR35NE   1821 2009                                                .48  .52  .66  .72  .55  .57  .70  .69
  54 SR36NE   1753 2009                                      .73  .78  .84  .83  .83  .79  .72  .45  .49  .54
  55 SR36SE   1679 2009                       .67  .85  .79  .81  .87  .83  .80  .78  .80  .82  .64  .53  .55
  56 SR38SE   1916 2009                                                                    .36* .37* .49  .54
  57 SR38SE+  1916 2009                                                                    .58  .66  .65  .66
  58 SR39NW+  1805 2009                                                .64  .66  .68  .75  .76  .67  .67  .76
  59 SR39NW   1786 2009                                           .57  .72  .78  .81  .73  .68  .70  .58  .57
  60 SR40SE   1778 2009                                           .81  .65  .68  .82  .86  .80  .78  .78  .81
  61 SR40SW   1794 2009                                           .81  .83  .87  .83  .78  .72  .73  .73  .77
  62 SR41NE   1687 2009                       .80  .77  .70  .57  .50  .72  .86  .85  .83  .86  .85  .70  .75
  63 SR41W    1719 2009                            .62  .61  .62  .68  .74  .73  .76  .76  .66  .64  .61  .69
  64 SR43NE   1794 2009                                           .56  .63  .66  .70  .68  .46  .47  .71  .76
  65 SR43SE   1759 2009                                      .62  .69  .55  .46  .71  .82  .76  .50  .42  .58
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  66 SR44SW   1562 2009   .41  .65  .61  .59  .52  .43  .41  .52  .65  .82  .70  .64  .80  .83  .74  .72  .79
  67 SR45W    1702 2009                            .74  .69  .66  .58  .60  .54  .52  .69  .72  .70  .79  .82
  68 SR45N    1700 2009                            .59  .71  .70  .53  .56  .64  .72  .58  .54  .76  .80  .79
  69 SR45NE   1577 2009   .43  .67  .64  .62  .54  .32A .28* .58  .68  .75  .61  .52  .78  .81  .69  .69  .74
  70 SR46SE   1761 2009                                      .63  .64  .62  .60  .69  .84  .83  .77  .77  .84
  71 SR46E    1783 2009                                           .63  .66  .66  .72  .69  .68  .79  .72  .73
  72 SR47SW   1776 2009                                           .66  .68  .76  .78  .80  .82  .79  .75  .76
  73 SR48-1   1683 1875                       .65  .64  .68  .73  .70  .70  .67  .67
  74 SR49     1729 2009                                 .65  .72  .76  .74  .77  .79  .80  .85  .82  .72  .75
  75 SR50     1754 2009                                      .28A .51  .71  .72  .63  .64  .74  .71  .71  .72
  76 SR53     1711 2009                            .51  .59  .74  .74  .76  .82  .83  .87  .89  .83  .73  .75
  77 SR54     1729 2009                                 .70  .75  .80  .83  .84  .82  .80  .87  .84  .75  .78
  78 SR55     1794 1998                                           .73  .67  .73  .74  .78  .73  .68  .48
 Av segment correlation  0.41 0.60 0.57 0.47 0.61 0.65 0.61 0.63 0.67 0.68 0.68 0.69 0.71 0.70 0.68 0.69 0.71
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 For each series with potential problems the following diagnostics may appear:
 [A] Correlations with master dating series of flagged  50-year segments of series filtered with  32-year spline,
     at every point from ten years earlier (-10) to ten years later (+10) than dated
 ===================================================================================================================================
 RS03NE2   1591 to  1842
 [A] Segment   High   -10   -9   -8   -7   -6   -5   -4   -3   -2   -1    0   +1   +2   +3   +4   +5   +6   +7   +8   +9  +10
    ---------  ----   ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---
    1650 1699    0    .00  .07 -.03  .11  .12 -.25  .18  .05 -.02 -.06  .20* .13  .04  .02 -.04 -.04 -.14 -.11 -.13 -.23 -.10
 ===================================================================================================================================
 RS54E     1740 to  2008
 [A] Segment   High   -10   -9   -8   -7   -6   -5   -4   -3   -2   -1    0   +1   +2   +3   +4   +5   +6   +7   +8   +9  +10
    ---------  ----   ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---
    1740 1789   -7    .00  .10 -.06  .30*-.30  .22 -.02 -.02 -.34  .08  .21| .00 -.28  .12  .20 -.19  .11 -.12  .12 -.10  .11
 ===================================================================================================================================
 RS62W     1781 to  2008
 [A] Segment   High   -10   -9   -8   -7   -6   -5   -4   -3   -2   -1    0   +1   +2   +3   +4   +5   +6   +7   +8   +9  +10
    ---------  ----   ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---
    1925 1974   -3   -.14 -.03  .21 -.09 -.21  .06 -.12  .29* .10  .04  .22|-.08 -.09  .15 -.13  .00 -.25 -.01  .07 -.21 -.01
 ===================================================================================================================================
 RS63N     1760 to  2008
 [A] Segment   High   -10   -9   -8   -7   -6   -5   -4   -3   -2   -1    0   +1   +2   +3   +4   +5   +6   +7   +8   +9  +10
    ---------  ----   ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---
    1760 1809    0    .02 -.03  .11 -.02  .14 -.19  .13 -.01 -.10 -.15  .30* .10 -.23 -.01 -.17  .17 -.22 -.16 -.03  .10  .15
 ===================================================================================================================================
 SR38SE    1916 to  2009
 [A] Segment   High   -10   -9   -8   -7   -6   -5   -4   -3   -2   -1    0   +1   +2   +3   +4   +5   +6   +7   +8   +9  +10
    ---------  ----   ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---
    1916 1965    3   -.17 -.04  .12 -.13  .03 -.07 -.11 -.01  .10 -.25  .36|-.18  .05  .42*-.19  .10  .07  .08 -.11 -.08 -.11
    1925 1974    3   -.06 -.10  .16 -.13 -.13 -.11 -.16  .16  .11 -.13  .37|-.15  .08  .39*-.21  .06 -.08 -.06 -.14 -.11 -.20
 [*] Early part of series cannot be checked from 1562 to 1576 -- not matched by another series
 ===================================================================================================================================
 SR45NE    1577 to  2009
 [A] Segment   High   -10   -9   -8   -7   -6   -5   -4   -3   -2   -1    0   +1   +2   +3   +4   +5   +6   +7   +8   +9  +10
    ---------  ----   ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---
    1700 1749    0    .01 -.21 -.06  .06 -.26 -.19  .01 -.04  .11  .07  .32* .06 -.25  .09 -.19 -.04  .02 -.04  .03  .01  .04
    1725 1774   -2   -.14 -.05 -.04  .00 -.08 -.23  .19 -.18  .31*-.17  .28|-.04  .13 -.07 -.05 -.06 -.03  .00 -.16  .13 -.10
 ===================================================================================================================================
 SR50      1754 to  2009
 [A] Segment   High   -10   -9   -8   -7   -6   -5   -4   -3   -2   -1    0   +1   +2   +3   +4   +5   +6   +7   +8   +9  +10
    ---------  ----   ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---
    1754 1803    0    .20 -.23  .01 -.14 -.09  .14  .12 -.17  .18 -.13  .28* .12 -.22  .15 -.14  .14 -.31 -.10 -.11  .02  .03
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 -----------------------------------------------------------------------------------------------------------------------------------
                                                Corr   //-------- Unfiltered --------\\  //---- Filtered -----\\
                           No.    No.    No.    with   Mean   Max     Std   Auto   Mean   Max     Std   Auto  AR
 Seq Series   Interval   Years  Segmt  Flags   Master  msmt   msmt    dev   corr   sens  value    dev   corr  ()
 --- -------- ---------  -----  -----  -----   ------ -----  -----  -----  -----  -----  -----  -----  -----  --
   1 RS01NE   1793 2008    216      9      0   0.766   0.39   0.92  0.163  0.570  0.325   1.07  0.370  0.003   2
   2 RS01NW   1845 2008    164      7      0   0.743   0.50   2.08  0.268  0.687  0.306   1.37  0.398  0.032   1
   3 RS02N    1712 2008    297     12      0   0.713   0.50   1.70  0.252  0.719  0.308   1.12  0.347  0.008   1
   4 RS02NE   1793 2008    216      9      0   0.747   0.61   1.97  0.329  0.729  0.315   1.03  0.381  0.017   1
   5 RS03NE2  1591 1842    252     10      1   0.544   0.22   0.77  0.143  0.573  0.499   1.91  0.550  0.021   1
   6 RS03NE+2 1681 2008    328     13      0   0.725   0.26   1.23  0.207  0.659  0.586   1.94  0.599  0.010   1
   7 RS04NE   1726 2008    283     11      0   0.761   0.44   1.84  0.275  0.776  0.374   1.09  0.432  0.010   1
   8 RS04NW   1745 1895    151      6      0   0.665   0.42   1.19  0.234  0.598  0.417   1.15  0.444 -0.007   2
   9 RS05N    1782 2008    227      9      0   0.755   0.64   2.09  0.293  0.605  0.343   1.20  0.405  0.001   1
  10 RS05SW   1793 2008    216      9      0   0.745   0.62   1.53  0.251  0.553  0.318   0.96  0.373  0.005   1
  11 RS06NE   1798 2008    211      9      0   0.650   0.53   1.65  0.229  0.683  0.278   0.80  0.330 -0.017   2
  12 RS06NW   1815 2008    194      8      0   0.707   0.50   1.24  0.232  0.760  0.327   0.92  0.362  0.028   1
  13 RS09NE   1833 2002    170      7      0   0.568   0.56   1.39  0.236  0.535  0.333   1.53  0.416 -0.013   1
  14 RS09SW   1836 2008    173      7      0   0.521   0.54   1.32  0.236  0.692  0.291   1.12  0.349  0.005   2
  15 RS35W    1861 2008    148      6      0   0.566   0.70   2.76  0.342  0.724  0.265   0.93  0.352  0.003   2
  16 RS51E    1720 2008    289     12      0   0.664   0.42   1.03  0.184  0.638  0.330   0.99  0.373 -0.010   3
  17 RS51N    1708 2008    301     12      0   0.738   0.37   0.95  0.172  0.569  0.367   1.01  0.414 -0.009   1
  18 RS51SE   1748 2008    261     11      0   0.748   0.39   1.67  0.192  0.663  0.267   1.11  0.356 -0.001   1
  19 RS51SW   1802 2008    207      8      0   0.762   0.55   1.15  0.185  0.668  0.214   0.84  0.279  0.001   2
  20 RS52NE   1711 2008    298     12      0   0.771   0.41   1.04  0.190  0.686  0.305   1.12  0.369  0.018   1
  21 RS5?N    1882 2008    127      5      0   0.559   0.56   1.61  0.268  0.728  0.268   0.96  0.369  0.041   1
  22 RS53E    1843 2008    166      7      0   0.583   0.61   1.70  0.309  0.678  0.292   1.68  0.392  0.010   1
  23 RS53NE   1715 2008    294     12      0   0.696   0.31   0.83  0.158  0.739  0.301   1.23  0.380  0.031   1
  24 RS53SW   1769 1995    227      9      0   0.696   0.40   1.15  0.216  0.760  0.310   1.06  0.404  0.016   1
  25 RS54     1771 2008    238     10      0   0.559   0.49   1.36  0.225  0.692  0.278   1.21  0.373  0.003   2
  26 RS54E    1740 2008    269     11      1   0.510   0.42   0.95  0.137  0.508  0.286   0.82  0.325  0.005   1
  27 RS54NW   1748 2008    261     11      0   0.665   0.34   1.06  0.190  0.708  0.363   1.38  0.428  0.002   2
  28 RS54W    1751 2008    258     10      0   0.681   0.33   0.71  0.124  0.576  0.285   1.00  0.374  0.030   1
  29 RS56N    1805 2008    204      8      0   0.719   0.47   1.94  0.271  0.627  0.350   1.78  0.466  0.026   1
  30 RS56NW   1814 2008    195      8      0   0.709   0.48   2.04  0.259  0.623  0.346   1.60  0.416  0.026   1
  31 RS57N    1826 2008    183      7      0   0.662   0.96   2.33  0.320  0.672  0.215   1.03  0.293  0.001   2
  32 RS57NW   1834 2008    175      7      0   0.603   1.21   2.95  0.363  0.623  0.203   1.35  0.290  0.011   2
  33 RS58W    1847 2008    162      7      0   0.592   0.51   1.31  0.227  0.657  0.263   0.72  0.321  0.002   3
  34 RS59E    1882 2008    127      5      0   0.601   0.65   2.14  0.340  0.783  0.261   0.91  0.330  0.019   1
  35 RS59N    1857 2008    152      6      0   0.495   0.95   2.79  0.465  0.727  0.246   1.26  0.331  0.017   1
  36 RS6*NE   1771 2008    238     10      0   0.728   0.69   1.69  0.300  0.633  0.323   0.84  0.371 -0.003   2
  37 RS60-    1878 2008    131      5      0   0.653   0.45   0.99  0.174  0.529  0.315   1.01  0.393  0.014   1
  38 RS60+    1878 2008    131      5      0   0.592   0.55   1.64  0.261  0.687  0.270   1.06  0.375  0.045   1
  39 RS61N    1847 2008    162      7      0   0.609   0.91   1.94  0.314  0.701  0.223   1.06  0.322  0.018   1
  40 RS61NW   1875 2008    134      5      0   0.656   0.84   1.55  0.279  0.670  0.208   0.97  0.287 -0.021   1
  41 RS62N    1806 2008    203      8      0   0.678   0.39   0.89  0.137  0.583  0.257   0.90  0.313 -0.010   2
  42 RS62W    1781 2008    228      9      1   0.496   0.61   1.18  0.230  0.724  0.233   0.79  0.308  0.029   1
  43 RS63N    1760 2008    249     10      1   0.532   0.66   2.07  0.335  0.742  0.296   1.11  0.364 -0.007   2
  44 RS63W    1788 2008    221      9      0   0.721   0.54   2.07  0.301  0.739  0.306   1.19  0.372  0.017   1
  45 RS64N    1768 2008    241     10      0   0.642   0.69   4.70  0.496  0.730  0.348   1.54  0.456  0.005   2
  46 RS64W    1784 2008    225      9      0   0.667   0.61   2.18  0.415  0.761  0.380   1.47  0.482  0.009   2
  47 RS80SW   1792 2008    217      9      0   0.732   0.56   1.31  0.201  0.449  0.322   1.28  0.373 -0.003   2
  48 RS81SW   1756 2008    253     10      0   0.534   0.66   1.97  0.297  0.675  0.276   1.21  0.419  0.000   2
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                                                Corr   //-------- Unfiltered --------\\  //---- Filtered -----\\
                           No.    No.    No.    with   Mean   Max     Std   Auto   Mean   Max     Std   Auto  AR
 Seq Series   Interval   Years  Segmt  Flags   Master  msmt   msmt    dev   corr   sens  value    dev   corr  ()
 --- -------- ---------  -----  -----  -----   ------ -----  -----  -----  -----  -----  -----  -----  -----  --
  49 SR33E    1789 2009    221      9      0   0.630   0.36   1.47  0.196  0.687  0.356   1.31  0.441  0.002   2
  50 SR33SE   1829 2009    181      7      0   0.759   0.47   1.12  0.199  0.648  0.296   1.07  0.355  0.010   2
  51 SR34NE   1808 2009    202      8      0   0.672   0.82   2.26  0.373  0.730  0.233   1.15  0.317  0.000   2
  52 SR34NW   1808 2009    202      8      0   0.744   0.43   0.98  0.178  0.659  0.308   1.03  0.358  0.015   1
  53 SR35NE   1821 2009    189      8      0   0.599   0.60   1.75  0.279  0.677  0.279   1.24  0.370 -0.001   2
  54 SR36NE   1753 2009    257     10      0   0.728   0.42   0.91  0.145  0.579  0.267   0.86  0.318  0.011   1
  55 SR36SE   1679 2009    331     13      0   0.744   0.44   1.14  0.161  0.594  0.272   0.93  0.316  0.002   1
  56 SR38SE   1916 2009     94      4      2   0.445   0.33   0.88  0.172  0.715  0.326   1.23  0.431  0.028   1
  57 SR38SE+  1916 2009     94      4      0   0.590   0.30   0.75  0.153  0.673  0.336   0.83  0.400 -0.017   1
  58 SR39NW+  1805 2009    205      8      0   0.711   0.44   1.15  0.172  0.687  0.241   0.89  0.307  0.026   1
  59 SR39NW   1786 2009    224      9      0   0.664   0.24   0.79  0.115  0.638  0.331   1.05  0.385  0.007   5
  60 SR40SE   1778 2009    232      9      0   0.783   0.47   1.05  0.169  0.599  0.264   0.76  0.309  0.000   2
  61 SR40SW   1794 2009    216      9      0   0.776   0.43   1.24  0.154  0.542  0.254   0.84  0.298  0.008   2
  62 SR41NE   1687 2009    323     13      0   0.755   0.39   1.35  0.201  0.716  0.322   1.19  0.404  0.018   1
  63 SR41W    1719 2009    291     12      0   0.676   0.46   1.04  0.172  0.718  0.243   0.80  0.298  0.020   1
  64 SR43NE   1794 2009    216      9      0   0.614   0.38   1.14  0.173  0.740  0.279   0.84  0.349  0.006   4
  65 SR43SE   1759 2009    251     10      0   0.603   0.36   1.11  0.189  0.768  0.317   1.05  0.379  0.025   1
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  66 SR44SW   1562 2009    448     17      0   0.616   0.43   1.08  0.163  0.592  0.287   0.97  0.352  0.009   1
  67 SR45W    1702 2009    308     12      0   0.673   0.46   1.72  0.306  0.827  0.303   1.09  0.372  0.002   1
  68 SR45N    1700 2009    310     12      0   0.662   0.47   2.34  0.297  0.782  0.313   1.36  0.420  0.009   1
  69 SR45NE   1577 2009    433     17      2   0.585   0.47   1.43  0.209  0.779  0.243   1.21  0.314  0.007   1
  70 SR46SE   1761 2009    249     10      0   0.719   0.40   0.98  0.198  0.714  0.318   1.16  0.409  0.003   2
  71 SR46E    1783 2009    227      9      0   0.699   0.34   1.22  0.218  0.808  0.339   1.07  0.431  0.031   1
  72 SR47SW   1776 2009    234      9      0   0.748   0.39   1.31  0.205  0.677  0.342   1.85  0.433  0.022   1
  73 SR48-1   1683 1875    193      8      0   0.676   0.37   1.39  0.245  0.731  0.382   1.58  0.526  0.015   1
  74 SR49     1729 2009    281     11      0   0.753   0.46   1.23  0.188  0.731  0.266   0.79  0.319  0.027   1
  75 SR50     1754 2009    256     10      1   0.613   0.30   0.88  0.158  0.690  0.373   1.49  0.440 -0.004   2
  76 SR53     1711 2009    299     12      0   0.761   0.31   0.90  0.168  0.780  0.320   1.21  0.386 -0.004   2
  77 SR54     1729 2009    281     11      0   0.795   0.33   0.81  0.160  0.768  0.287   0.82  0.343  0.023   1
  78 SR55     1794 1998    205      8      0   0.656   0.35   1.10  0.210  0.798  0.322   1.01  0.380  0.024   1
 --- -------- ---------  -----  -----  -----   ------ -----  -----  -----  -----  -----  -----  -----  -----  --
 Total or mean:          17726    712      9   0.672   0.48   4.70  0.227  0.679  0.308   1.94  0.378  0.010
                                              - = [  COFECHA ZZ   COF  ] = -
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 []  Dendrochronology Program Library                                       Run ZZ     Program COF    Sun   Page   1
 []
 []  P R O G R A M      C O F E C H A                                                                         Version 6.02P        0
 -----------------------------------------------------------------------------------------------------------------------------------
 QUALITY CONTROL AND DATING CHECK OF TREE-RING MEASUREMENTS
 File of DATED series:   Wright_Mountain
 CONTENTS:
    Part 1:  Title page, options selected, summary, absent rings by series
    Part 2:  Histogram of time spans
    Part 3:  Master series with sample depth and absent rings by year
    Part 4:  Bar plot of Master Dating Series
    Part 5:  Correlation by segment of each series with Master
    Part 6:  Potential problems: low correlation, divergent year-to-year changes, absent rings, outliers
    Part 7:  Descriptive statistics
 RUN CONTROL OPTIONS SELECTED                             VALUE
         1  Cubic smoothing spline 50% wavelength cutoff for filtering
                                                            32 years
         2  Segments examined are                           50 years lagged successively by  25 years
         3  Autoregressive model applied                     A  Residuals are used in master dating series and testing
         4  Series not transformed to logarithms             N
         5  CORRELATION is Pearson (parametric, quantitative)
            Critical correlation, 99% confidence level  0.3281
         6  Master dating series saved                       N
         7  Ring measurements listed                         N
         8  Parts printed                              1234567 
         9  Absent rings are omitted from master series and segment correlations  (Y)
 Time span of Master dating series is  1552 to  2010   459 years
 Continuous time span is               1552 to  2010   459 years
 Portion with two or more series is    1613 to  2010   398 years
                                        *******************************************
                                        *C* Number of dated series        80    *C*
                                        *O* Master series  1552  2010   459 yrs *O*
                                        *F* Total rings in all series  14476    *F*
                                        *E* Total dated rings checked  14415    *E*
                                        *C* Series intercorrelation    0.630    *C*
                                        *H* Average mean sensitivity   0.283    *H*
                                        *A* Segments, possible problems    8    *A*
                                        *** Mean length of series      180.9    ***
                                        *******************************************
 ABSENT RINGS listed by SERIES:            (See Master Dating Series for absent rings listed by year)
 WM63SW      1 absent rings:   2000
 WM64NW      1 absent rings:   1973
 WM70SW      1 absent rings:   1970
             3 absent rings   0.021%
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                                                                                                                      Beg  End
 1000      1100      1200      1300      1400      1500      1600      1700      1800      1900      2000 Ident   Seq year year  Yrs
   :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    : -------- --- ---- ---- ----
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<========> WM01NW     1 1911 2009   99
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<========> WM01SE     2 1911 2009   99
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    <====> WM02NW     3 1951 2009   59
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    <===>. WM02SE     4 1951 1993   43
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <==========> WM03NE     5 1899 2009  111
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <==========> WM03SW     6 1899 2009  111
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <============> WM04NE     7 1877 2009  133
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <============> WM04SW     8 1877 2009  133
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    <=========> WM05NW     9 1901 2009  109
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    <=========> WM05SE    10 1901 2009  109
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .  <===========> WM06NE    11 1882 2009  128
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .  <===========> WM06SW    12 1882 2006  125
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .  <===========> WM07NW    13 1886 2009  124
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .  <===========> WM07SE    14 1886 2009  124
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <==========> WM08NW    15 1890 2009  120
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .  <===========> WM09SW    16 1885 2009  125
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <============> WM10E     17 1879 2009  131
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    <=========> WM11NE    18 1901 2009  109
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    <=========> WM11SW    19 1901 2009  109
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   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <==========> WM12NE    20 1890 2009  120
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <==========> WM12SW    21 1890 2009  120
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <=====> WM15NW    22 1946 2008   63
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .  <======> WM16NE    23 1935 2009   75
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    <===================> WM20SW    24 1806 2009  204
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <=======> WM22NE    25 1920 2000   81
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <=========================> WM23NE    26 1743 2009  267
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .  <=====================> WM27SE    27 1786 2009  224
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <=========================> . WM28N     28 1729 1986  258
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <=======>    .    .    .    . WM28S     29 1729 1803   75
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <===========================> WM28NE    30 1725 2009  285
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <=================> WM28SE    31 1827 2009  183
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<=============> WM29NW    32 1862 2009  148
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .  <=====================> WM30SE    33 1789 2009  221
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<=======================> WM31NE    34 1761 2009  249
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<======> .    .    .    . WM31SW    35 1761 1830   70
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <===========================> WM34S     36 1720 2009  290
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .  <===========> WN37S     37 1883 2009  127
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<===========> . WM38N     38 1868 1989  122
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <==========> WM39N     39 1892 2009  118
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <==========> WM39S     40 1894 2009  116
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <========> . WM40N     41 1891 1982   92
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <============> WM44E     42 1875 2009  135
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<=======================> WM44SE    43 1769 2009  241
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .  <=====================> WM45N     44 1789 2009  221
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <===============> WM46SW    45 1840 2009  170
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <============= WM51SW    46 1874 2010  137
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<======================== WM52SW    47 1761 2010  250
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    <==================== WM53SW    48 1801 2010  210
   .    .    .    .    .    .    .    .    .    .    .    .    .    .   <=============================== WM54NW    49 1696 2010  315
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<============================= WM54W     50 1719 2010  292
   :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :
 1000      1100      1200      1300      1400      1500      1600      1700      1800      1900      2000
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                                                                                                                      Beg  End
 1000      1100      1200      1300      1400      1500      1600      1700      1800      1900      2000 Ident   Seq year year  Yrs
   :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    :    : -------- --- ---- ---- ----
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <======================= WM55NE    51 1770 2010  241
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    <========== WM56SE    52 1904 2010  107
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <======================= WM59SS    53 1775 2010  236
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <========================== WM60SE    54 1745 2010  266
   .    .    .    .    .    .    .    .    .    .    .    <============================================= WM61NW    55 1552 2010  459
   .    .    .    .    .    .    .    .    .    .    .    .    .    .  <================================ WM61SW    56 1682 2010  329
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    <========================= WM62NW    57 1750 2010  261
   .    .    .    .    .    .    .    .    .    .    .    .    .    .  <================================ WM62SW    58 1680 2010  331
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <===================== WM63NW    59 1797 2010  214
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .  <====================== WM63SW    60 1789 2010  222
   .    .    .    .    .    .    .    .    .    .    .    .    .    . <================================> WM64NW    61 1678 2009  332
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<======================== WM67NW    62 1764 2010  247
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .  <====================== WM67SW    63 1789 2010  222
   .    .    .    .    .    .    .    .    .    .    .    .    .<======================================= WM69SE    64 1613 2010  398
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <======================> WM70NW    65 1777 2009  233
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<=================== WM70SW    66 1810 2010  201
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    <==============> WM71E     67 1852 2005  154
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<============== WM71N     68 1864 2010  147
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .   <================ WM72N     69 1844 2010  167
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<============== WM72W     70 1861 2010  150
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .  <============>   .    .    . WM73SE    71 1732 1869  138
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<=================>. WM74E     72 1811 1999  189
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .<==================>    .    . WM75NW    73 1710 1909  200
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    <========================= WM75SW    74 1751 2010  260
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <============================ WM76E     75 1727 2010  284
   .    .    .    .    .    .    .    .    .    .    .    .    .    .<=================================> WM76N     76 1660 2009  350
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    <====> WM77NE    77 1959 2004   46
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    <=========>    . WM77SW    78 1851 1959  109
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    . <=================> WM81NE    79 1829 2009  181
   .    .    .    .    .    .    .    .    .    .    .    .    .    .    .    .  <====================== WM81SE    80 1789 2010  222
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                                                                                          1600 -2.369*   1      1650  0.192    2
                                                                                          1601  0.206    1      1651  1.989    2
                                                                    1552  2.735*   1      1602 -1.368*   1      1652 -1.717*   2
                                                                    1553  0.068    1      1603 -0.635    1      1653 -0.230    2
                                                                    1554 -0.708    1      1604 -0.708    1      1654 -0.388    2
                                                                    1555 -1.144*   1      1605 -1.031*   1      1655  1.616    2
                                                                    1556 -1.364*   1      1606  0.868    1      1656 -1.119*   2
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                                                                    1557 -0.871    1      1607  0.749    1      1657  0.314    2
                                                                    1558 -0.129    1      1608  2.224*   1      1658  0.411    2
                                                                    1559 -0.432    1      1609  1.990    1      1659  0.432    2
                                                                    1560 -0.093    1      1610  2.117*   1      1660  0.768    3
                                                                    1561 -0.801    1      1611 -0.252    1      1661 -1.046*   3
                                                                    1562 -1.530*   1      1612  0.201    1      1662 -0.474    3
                                                                    1563 -0.902    1      1613 -1.236*   2      1663 -1.414*   3
                                                                    1564 -0.327    1      1614 -0.699    2      1664 -1.806*   3
                                                                    1565  4.486*   1      1615  0.807    2      1665 -1.112*   3
                                                                    1566  1.714    1      1616  0.725    2      1666 -0.627    3
                                                                    1567  0.036    1      1617  0.170    2      1667  0.153    3
                                                                    1568  1.716    1      1618 -1.203*   2      1668  2.292*   3
                                                                    1569 -0.273    1      1619  2.194*   2      1669  1.465    3
                                                                    1570  1.322    1      1620 -1.962*   2      1670  0.744    3
                                                                    1571 -1.348*   1      1621 -0.314    2      1671  0.528    3
                                                                    1572 -1.798*   1      1622 -1.253*   2      1672  0.479    3
                                                                    1573 -0.940    1      1623  1.195    2      1673  0.541    3
                                                                    1574 -1.335*   1      1624  0.230    2      1674  0.982    3
                                                                    1575  0.545    1      1625  0.541    2      1675  1.375    3
                                                                    1576 -0.635    1      1626 -0.605    2      1676 -1.348*   3
                                                                    1577 -1.255*   1      1627 -0.064    2      1677 -1.446*   3
                                                                    1578  0.655    1      1628 -1.642*   2      1678  0.746    4
                                                                    1579  0.603    1      1629 -0.833    2      1679 -1.480*   4
                                                                    1580 -0.990    1      1630  0.035    2      1680 -0.219    5
                                                                    1581  0.277    1      1631 -1.117*   2      1681 -0.452    5
                                                                    1582  0.163    1      1632  0.299    2      1682 -1.472*   6
                                                                    1583 -0.190    1      1633 -0.646    2      1683 -0.173    6
                                                                    1584 -0.002    1      1634  0.394    2      1684  0.475    6
                                                                    1585  0.392    1      1635  0.914    2      1685  0.544    6
                                                                    1586  1.992    1      1636  0.440    2      1686  0.860    6
                                                                    1587 -0.321    1      1637  2.177*   2      1687 -0.804    6
                                                                    1588  1.458    1      1638  1.177    2      1688  0.496    6
                                                                    1589  0.758    1      1639 -1.607*   2      1689 -0.365    6
                                                                    1590  3.228*   1      1640  2.652*   2      1690  0.945    6
                                                                    1591 -2.798*   1      1641  0.719    2      1691 -0.550    6
                                                                    1592  0.788    1      1642 -0.886    2      1692  0.429    6
                                                                    1593 -0.844    1      1643 -2.030*   2      1693  0.505    6
                                                                    1594 -0.084    1      1644 -0.852    2      1694  2.312*   6
                                                                    1595 -1.479*   1      1645 -0.701    2      1695 -0.133    6
                                                                    1596  0.524    1      1646 -0.188    2      1696  0.233    7
                                                                    1597 -1.116*   1      1647  1.228    2      1697 -0.227    7
                                                                    1598 -0.498    1      1648 -0.288    2      1698 -1.692*   7
                                                                    1599  1.457    1      1649 -0.970    2      1699 -1.110*   7
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  1700  0.317    7      1750  1.142   18      1800 -0.772   34      1850 -1.562*  40      1900  0.805   64      1950 -0.235   73
  1701  0.640    7      1751  0.144   19      1801  0.089   35      1851 -0.993   41      1901  0.242   68      1951  0.520   75
  1702  0.339    7      1752  0.687   19      1802 -0.295   35      1852  0.694   42      1902  1.149   68      1952 -0.697   75
  1703 -0.321    7      1753  0.175   19      1803  1.166   35      1853 -1.287*  42      1903  0.647   68      1953  1.008   75
  1704  0.441    7      1754 -1.684*  19      1804  2.391*  34      1854 -0.528   42      1904 -0.546   69      1954 -0.041   75
  1705  0.573    7      1755 -2.163*  19      1805  1.623   34      1855  0.148   42      1905  1.802   69      1955 -0.017   75
  1706 -2.212*   7      1756 -0.537   19      1806 -0.162   35      1856  0.301   42      1906  0.854   69      1956 -1.033*  75
  1707 -0.051    7      1757 -1.217*  19      1807 -1.070*  35      1857  1.098   42      1907  0.182   69      1957 -0.737   75
  1708 -0.141    7      1758  0.501   19      1808 -0.435   35      1858  1.682   42      1908 -0.202   69      1958  0.628   75
  1709  0.979    7      1759 -0.282   19      1809 -1.018*  35      1859  0.281   42      1909 -0.896   69      1959  0.414   76
  1710 -0.656    8      1760  0.178   19      1810 -1.354*  36      1860  1.077   42      1910 -1.723*  68      1960  0.404   75
  1711 -0.672    8      1761  0.528   22      1811 -0.579   37      1861  0.189   43      1911 -0.993   70      1961  0.962   75
  1712  0.429    8      1762  0.337   22      1812 -0.182   37      1862 -0.776   44      1912 -0.199   70      1962 -0.004   75
  1713  1.134    8      1763  0.506   22      1813 -0.573   37      1863 -1.580*  44      1913 -0.018   70      1963  1.309   75
  1714 -1.799*   8      1764 -1.353*  23      1814 -0.529   37      1864  0.472   45      1914  0.356   70      1964  0.762   75
  1715  0.580    8      1765  0.864   23      1815 -0.027   37      1865 -0.663   45      1915  1.671   70      1965  1.199   75
  1716 -0.276    8      1766  0.976   23      1816  1.983   37      1866 -0.180   45      1916  0.339   70      1966  1.415   75
  1717 -1.793*   8      1767  0.966   23      1817  0.898   37      1867  0.587   45      1917 -1.022*  70      1967  0.003   75
  1718 -0.100    8      1768 -1.433*  23      1818  0.775   37      1868 -0.576   46      1918  0.628   70      1968  0.305   75
  1719  0.036    9      1769 -0.379   24      1819  0.527   37      1869  0.041   46      1919 -1.804*  70      1969 -0.239   75
  1720  1.284   10      1770  0.027   25      1820  0.088   37      1870 -0.378   45      1920 -0.196   71      1970 -1.387*  75  1
  1721  0.440   10      1771  1.210   25      1821 -0.815   37      1871 -1.184*  45      1921 -0.186   71      1971 -0.953   75
  1722  0.898   10      1772  0.448   25      1822 -1.618*  37      1872  0.155   45      1922 -0.163   71      1972 -1.325*  75
  1723  2.141*  10      1773  0.791   25      1823 -1.627*  37      1873  1.238   45      1923  0.754   71      1973 -2.090*  75  1
  1724 -0.023   10      1774  0.902   25      1824 -1.508*  37      1874  1.781   46      1924  0.291   71      1974 -1.329*  75
  1725 -0.449   11      1775 -0.510   26      1825  0.090   37      1875  0.608   47      1925 -0.554   71      1975 -0.756   75
  1726 -0.450   11      1776  0.093   26      1826 -0.306   37      1876 -0.585   47      1926  0.923   71      1976 -1.006*  75
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  1727  0.205   12      1777  0.789   27      1827 -1.120*  38      1877 -0.784   49      1927  0.960   71      1977  0.528   75
  1728 -1.000*  12      1778 -0.994   27      1828  0.872   38      1878 -0.413   49      1928 -0.249   71      1978  0.223   75
  1729  0.126   14      1779 -0.816   27      1829  0.636   39      1879  0.290   50      1929 -0.209   71      1979  0.241   75
  1730 -0.282   14      1780  0.033   27      1830  0.197   39      1880 -0.849   50      1930  1.047   71      1980  1.572   75
  1731 -0.985   14      1781 -0.821   27      1831 -1.522*  38      1881  0.349   50      1931  0.673   71      1981  1.382   75
  1732  0.590   15      1782 -1.287*  27      1832  0.107   38      1882 -0.106   52      1932 -1.029*  71      1982  0.933   75
  1733  0.647   15      1783 -0.810   27      1833  1.692   38      1883 -1.747*  53      1933 -0.030   71      1983  0.860   74
  1734  0.082   15      1784 -0.390   27      1834  0.269   38      1884  0.463   53      1934  0.513   71      1984  0.020   74
  1735 -0.182   15      1785  1.275   27      1835  0.510   38      1885  1.778   54      1935  0.504   72      1985 -0.638   74
  1736 -0.297   15      1786 -0.749   28      1836 -0.170   38      1886  1.046   56      1936  0.255   72      1986 -0.198   74
  1737  1.939   15      1787 -0.052   28      1837  0.499   38      1887 -1.286*  56      1937 -0.624   72      1987 -0.424   73
  1738  0.098   15      1788  0.088   28      1838  1.994   38      1888 -0.393   56      1938 -0.017   72      1988 -0.748   73
  1739  0.630   15      1789 -0.255   33      1839  1.366   38      1889 -0.256   56      1939 -0.027   72      1989  0.119   73
  1740 -1.441*  15      1790 -0.873   33      1840  0.935   39      1890  0.080   59      1940 -0.686   72      1990  1.069   72
  1741 -0.091   15      1791  0.001   33      1841  0.251   39      1891  0.087   60      1941  0.459   72      1991 -0.079   72
  1742  0.110   15      1792  1.183   33      1842 -0.818   39      1892  1.080   61      1942  1.089   72      1992 -0.316   72
  1743 -0.246   16      1793  1.123   33      1843 -0.724   39      1893  0.801   61      1943  0.388   72      1993 -0.285   72
  1744 -1.439*  16      1794 -0.816   33      1844  0.007   40      1894  0.010   62      1944  0.313   72      1994  0.891   71
  1745  0.718   17      1795  0.919   33      1845 -0.244   40      1895 -0.955   62      1945  0.071   72      1995  0.569   71
  1746 -1.027*  17      1796 -0.001   33      1846 -0.087   40      1896 -0.392   62      1946 -0.070   73      1996 -0.136   71
  1747  0.876   17      1797  1.299   34      1847 -0.640   40      1897 -0.968   62      1947 -0.994   73      1997  0.677   71
  1748  0.412   17      1798 -0.602   34      1848  1.107   40      1898 -0.861   62      1948 -1.460*  73      1998  0.904   71
  1749  0.495   17      1799 -0.803   34      1849 -1.069*  40      1899 -0.704   64      1949 -2.147*  73      1999  0.209   71
 PART 3:  Master Dating Series:                                                                      Sun   Page   6
 -----------------------------------------------------------------------------------------------------------------------------------
  Year  Value   No Ab   Year  Value   No Ab   Year  Value   No Ab   Year  Value   No Ab   Year  Value   No Ab   Year  Value   No Ab
  -------------------   -------------------   -------------------   -------------------   -------------------   -------------------
  2000 -1.424*  70  1
  2001 -1.099*  69
  2002 -0.946   69
  2003 -0.106   69
  2004  1.132   69
  2005  1.463   68
  2006  0.363   67
  2007 -0.960   66
  2008 -1.058*  66
  2009  0.408   65
  2010  0.253   25
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 Correlations of  50-year dated segments, lagged  25 years
 Flags:  A = correlation under  0.3281 but highest as dated;  * = correlation higher at other than dated position
 Seq Series  Time_span   1600 1625 1650 1675 1700 1725 1750 1775 1800 1825 1850 1875 1900 1925 1950 1975
                         1649 1674 1699 1724 1749 1774 1799 1824 1849 1874 1899 1924 1949 1974 1999 2024
 --- -------- ---------  ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ----
   1 WM01NW   1911 2009                                                               .64  .54  .53  .60
   2 WM01SE   1911 2009                                                               .60  .46  .44  .50
   3 WM02NW   1951 2009                                                                         .48  .45
   4 WM02SE   1951 1993                                                                         .57
   5 WM03NE   1899 2009                                                          .60  .62  .63  .62  .67
   6 WM03SW   1899 2009                                                          .61  .64  .68  .69  .67
   7 WM04NE   1877 2009                                                          .40  .56  .57  .65  .69
   8 WM04SW   1877 2009                                                          .47  .44  .40  .49  .44*
   9 WM05NW   1901 2009                                                               .73  .70  .61  .59
  10 WM05SE   1901 2009                                                               .61  .63  .59  .53
  11 WM06NE   1882 2009                                                          .47  .48  .64  .69  .70
  12 WM06SW   1882 2006                                                          .75  .67  .63  .66  .67
  13 WM07NW   1886 2009                                                          .56  .62  .64  .65  .55
  14 WM07SE   1886 2009                                                          .42  .41  .47  .58  .57
  15 WM08NW   1890 2009                                                          .28A .37  .44  .48  .45
  16 WM09SW   1885 2009                                                          .73  .75  .67  .59  .63
  17 WM10E    1879 2009                                                          .54  .52  .54  .58  .58
  18 WM11NE   1901 2009                                                               .70  .75  .74  .77
  19 WM11SW   1901 2009                                                               .58  .67  .70  .63
  20 WM12NE   1890 2009                                                          .66  .71  .73  .74  .70
  21 WM12SW   1890 2009                                                          .52  .54  .66  .62  .61
  22 WM15NW   1946 2008                                                                    .60  .64  .68
  23 WM16NE   1935 2009                                                                    .60  .57  .65
  24 WM20SW   1806 2009                                           .41  .42  .58  .63  .58  .57  .46  .57
  25 WM22NE   1920 2000                                                               .39  .49  .61  .62
  26 WM23NE   1743 2009                            .54  .54  .68  .73  .70  .73  .54  .50  .69  .46  .52
  27 WM27SE   1786 2009                                      .61  .69  .70  .62  .59  .55  .60  .58  .53
  28 WM28N    1729 1986                            .54  .62  .68  .71  .68  .65  .64  .63  .66  .67
  29 WM28S    1729 1803                            .50  .62  .66
  30 WM28NE   1725 2009                            .49  .19* .42  .71  .76  .74  .69  .68  .72  .71  .71
  31 WM28SE   1827 2009                                                .73  .73  .67  .63  .69  .64  .68
  32 WM29NW   1862 2009                                                     .83  .84  .79  .82  .84  .86
  33 WM30SE   1789 2009                                      .70  .70  .69  .77  .80  .77  .75  .76  .76
  34 WM31NE   1761 2009                                 .76  .70  .70  .65  .65  .79  .81  .83  .79  .76
  35 WM31SW   1761 1830                                 .65  .63  .55
  36 WM34S    1720 2009                       .60  .61  .70  .78  .80  .76  .74  .69  .63  .71  .66  .59
  37 WN37S    1883 2009                                                          .54  .52  .60  .67  .72
  38 WM38N    1868 1989                                                     .69  .71  .57  .52  .44
  39 WM39N    1892 2009                                                          .61  .66  .64  .73  .80
  40 WM39S    1894 2009                                                          .64  .66  .62  .78  .79
  41 WM40N    1891 1982                                                          .43  .45  .55  .41
  42 WM44E    1875 2009                                                          .58  .54  .62  .55  .33
  43 WM44SE   1769 2009                                 .60  .62  .79  .79  .76  .72  .64  .66  .68  .72
  44 WM45N    1789 2009                                      .69  .65  .61  .58  .64  .63  .63  .62  .67
  45 WM46SW   1840 2009                                                .44  .51  .72  .65  .69  .64  .69
  46 WM51SW   1874 2010                                                     .71  .70  .67  .62  .66  .68
  47 WM52SW   1761 2010                                 .61  .65  .62  .45  .56  .51  .35  .42  .51  .60
  48 WM53SW   1801 2010                                           .71  .65  .73  .84  .73  .72  .55  .50
  49 WM54NW   1696 2010                  .63  .64  .64  .67  .78  .75  .51  .61  .79  .61  .58  .73  .68
  50 WM54W    1719 2010                       .70  .70  .76  .79  .68  .61  .73  .80  .72  .55  .51  .56
  51 WM55NE   1770 2010                                 .27A .37  .78  .68  .65  .65  .51  .34  .48  .69
  52 WM56SE   1904 2010                                                               .69  .63  .62  .58
  53 WM59SS   1775 2010                                      .73  .80  .76  .55  .42  .45  .57  .58  .61
  54 WM60SE   1745 2010                            .47  .78  .83  .83  .84  .82  .55  .54  .72  .54  .54
  55 WM61NW   1552 2010   .43  .62  .67  .75  .71  .70  .58  .64  .87  .76  .71  .63  .59  .75  .76  .72
  56 WM61SW   1682 2010                  .73  .79  .67  .64  .57  .63  .74  .71  .66  .49  .44  .45  .56
  57 WM62NW   1750 2010                                 .48  .46  .57  .68  .63  .53  .43  .33  .42  .55
  58 WM62SW   1680 2010                  .37  .68  .70  .69  .69  .70  .63  .64  .52  .50  .41  .32A .54
  59 WM63NW   1797 2010                                      .50  .52  .67  .64  .70  .69  .56  .61  .67
  60 WM63SW   1789 2010                                      .69  .80  .65  .66  .67  .63  .69  .29* .30A
  61 WM64NW   1678 2009                  .67  .62  .68  .80  .75  .60  .67  .76  .77  .81  .61  .53  .53
  62 WM67NW   1764 2010                                 .63  .72  .85  .83  .81  .82  .79  .77  .68  .65
  63 WM67SW   1789 2010                                      .67  .77  .79  .76  .75  .78  .74  .58  .60
  64 WM69SE   1613 2010   .43  .61  .61  .60  .62  .75  .76  .77  .83  .73  .65  .64  .66  .72  .62  .69
  65 WM70NW   1777 2009                                      .66  .74  .73  .64  .71  .70  .70  .79  .68
  66 WM70SW   1810 2010                                           .79  .81  .80  .71  .62  .72  .78  .79
  67 WM71E    1852 2005                                                     .46  .58  .71  .73  .58  .57
  68 WM71N    1864 2010                                                     .52  .58  .64  .72  .62  .68
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  69 WM72N    1844 2010                                                .65  .64  .70  .62  .48  .58  .63
  70 WM72W    1861 2010                                                     .67  .78  .73  .57  .60  .75
  71 WM73SE   1732 1869                            .74  .72  .79  .75  .65
  72 WM74E    1811 1999                                           .60  .63  .62  .65  .66  .67  .57
  73 WM75NW   1710 1909                       .43  .49  .64  .68  .80  .72  .67  .67
  74 WM75SW   1751 2010                                 .76  .80  .78  .62  .35* .47  .62  .57  .63  .66
  75 WM76E    1727 2010                            .75  .72  .70  .74  .75  .68  .70  .68  .70  .66  .72
  76 WM76N    1660 2009             .48  .58  .58  .71  .73  .70  .77  .75  .69  .76  .79  .79  .63  .51
  77 WM77NE   1959 2004                                                                         .72
  78 WM77SW   1851 1959                                                     .68  .73  .71  .65
  79 WM81NE   1829 2009                                                .72  .64  .72  .66  .63  .69  .66
  80 WM81SE   1789 2010                                      .71  .67  .72  .76  .69  .69  .67  .55  .64
 Av segment correlation  0.43 0.61 0.59 0.62 0.64 0.63 0.64 0.67 0.71 0.68 0.67 0.64 0.62 0.62 0.61 0.63
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 For each series with potential problems the following diagnostics may appear:
 [A] Correlations with master dating series of flagged  50-year segments of series filtered with  32-year spline,
     at every point from ten years earlier (-10) to ten years later (+10) than dated
 ===================================================================================================================================
 WM04SW    1877 to  2009
 [A] Segment   High   -10   -9   -8   -7   -6   -5   -4   -3   -2   -1    0   +1   +2   +3   +4   +5   +6   +7   +8   +9  +10
    ---------  ----   ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---
    1960 2009    1   -.08 -.12 -.20 -.24 -.25 -.22 -.33 -.17 -.19  .11  .44| .50*   -    -    -    -    -    -    -    -    -
 ===================================================================================================================================
 WM08NW    1890 to  2009
 [A] Segment   High   -10   -9   -8   -7   -6   -5   -4   -3   -2   -1    0   +1   +2   +3   +4   +5   +6   +7   +8   +9  +10
    ---------  ----   ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---
    1890 1939    0    .16 -.16 -.09  .07  .20 -.26  .16  .00 -.08 -.14  .28*-.08  .13  .09  .06  .01 -.05 -.28 -.05 -.01  .04
 ===================================================================================================================================
 WM28NE    1725 to  2009
 [A] Segment   High   -10   -9   -8   -7   -6   -5   -4   -3   -2   -1    0   +1   +2   +3   +4   +5   +6   +7   +8   +9  +10
    ---------  ----   ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---
    1750 1799  -10    .19*-.17 -.10 -.20 -.04  .16 -.03  .11  .11 -.02  .19| .08 -.04 -.24  .09 -.24 -.05  .00  .10  .07 -.19
 ===================================================================================================================================
 WM55NE    1770 to  2010
 [A] Segment   High   -10   -9   -8   -7   -6   -5   -4   -3   -2   -1    0   +1   +2   +3   +4   +5   +6   +7   +8   +9  +10
    ---------  ----   ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---
    1770 1819    0    .17 -.26  .17 -.13 -.14 -.10 -.01 -.15  .26  .01  .27* .23  .14 -.25  .14 -.37 -.14 -.24  .03 -.05  .21
 [*] Early part of series cannot be checked from 1552 to 1612 -- not matched by another series
 ===================================================================================================================================
 WM62SW    1680 to  2010
 [A] Segment   High   -10   -9   -8   -7   -6   -5   -4   -3   -2   -1    0   +1   +2   +3   +4   +5   +6   +7   +8   +9  +10
    ---------  ----   ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---
    1950 1999    0   -.12 -.10 -.04 -.03  .02  .02  .12  .22  .03 -.10  .32* .13 -.12  .25  .03 -.08 -.16 -.21 -.17 -.11 -.31
 ===================================================================================================================================
 WM63SW    1789 to  2010
 [A] Segment   High   -10   -9   -8   -7   -6   -5   -4   -3   -2   -1    0   +1   +2   +3   +4   +5   +6   +7   +8   +9  +10
    ---------  ----   ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---
    1950 1999    1    .00 -.15  .01 -.07 -.25 -.15 -.11 -.04  .05 -.01  .29| .42* .18  .09  .04  .09 -.16 -.21 -.03 -.23 -.14
    1961 2010    0    .04 -.28  .00 -.06 -.15 -.22 -.15 -.04  .08  .14  .30*   -    -    -    -    -    -    -    -    -    -
 ===================================================================================================================================
 WM75SW    1751 to  2010
 [A] Segment   High   -10   -9   -8   -7   -6   -5   -4   -3   -2   -1    0   +1   +2   +3   +4   +5   +6   +7   +8   +9  +10
    ---------  ----   ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---  ---
    1850 1899    1   -.05  .12 -.09 -.14  .10 -.21 -.11  .22 -.17 -.10  .35| .41*-.05 -.18 -.17 -.23  .12 -.04  .02  .16 -.26
 ===================================================================================================================================
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                                                Corr   //-------- Unfiltered --------\\  //---- Filtered -----\\
                           No.    No.    No.    with   Mean   Max     Std   Auto   Mean   Max     Std   Auto  AR
 Seq Series   Interval   Years  Segmt  Flags   Master  msmt   msmt    dev   corr   sens  value    dev   corr  ()
 --- -------- ---------  -----  -----  -----   ------ -----  -----  -----  -----  -----  -----  -----  -----  --
   1 WM01NW   1911 2009     99      4      0   0.619   0.65   1.36  0.281  0.564  0.348   1.25  0.435  0.036   1
   2 WM01SE   1911 2009     99      4      0   0.555   0.46   1.31  0.271  0.748  0.373   1.50  0.463  0.038   1
   3 WM02NW   1951 2009     59      2      0   0.478   0.68   1.39  0.287  0.565  0.297   0.81  0.348 -0.031   2
   4 WM02SE   1951 1993     43      1      0   0.569   0.95   1.95  0.404  0.595  0.274   1.10  0.399  0.037   1
   5 WM03NE   1899 2009    111      5      0   0.646   0.56   1.28  0.250  0.644  0.295   1.26  0.379  0.024   1
   6 WM03SW   1899 2009    111      5      0   0.664   0.70   1.56  0.263  0.687  0.253   0.86  0.329 -0.004   1
   7 WM04NE   1877 2009    133      5      0   0.523   0.50   1.00  0.188  0.666  0.259   0.91  0.347 -0.013   1
   8 WM04SW   1877 2009    133      5      1   0.452   0.51   1.16  0.275  0.831  0.241   0.90  0.348 -0.037   1
   9 WM05NW   1901 2009    109      4      0   0.683   0.77   1.58  0.303  0.798  0.209   1.12  0.295 -0.040   1
  10 WM05SE   1901 2009    109      4      0   0.585   0.51   1.28  0.249  0.806  0.260   0.89  0.335 -0.009   2
  11 WM06NE   1882 2009    128      5      0   0.581   0.65   1.64  0.368  0.828  0.258   1.08  0.360  0.013   2
  12 WM06SW   1882 2006    125      5      0   0.687   0.44   1.08  0.194  0.740  0.228   1.07  0.292  0.044   1
  13 WM07NW   1886 2009    124      5      0   0.557   0.67   1.55  0.261  0.796  0.223   0.76  0.278 -0.024   1
  14 WM07SE   1886 2009    124      5      0   0.475   0.65   1.45  0.280  0.755  0.237   1.15  0.357  0.048   1
  15 WM08NW   1890 2009    120      5      1   0.387   0.43   1.91  0.306  0.746  0.323   1.96  0.558  0.006   1
  16 WM09SW   1885 2009    125      5      0   0.670   0.55   2.25  0.406  0.813  0.290   1.00  0.398  0.041   1
  17 WM10E    1879 2009    131      5      0   0.535   0.33   0.93  0.160  0.692  0.292   1.16  0.407  0.012   1
  18 WM11NE   1901 2009    109      4      0   0.728   0.76   1.90  0.309  0.762  0.230   1.11  0.333  0.052   1
  19 WM11SW   1901 2009    109      4      0   0.622   0.53   1.71  0.378  0.881  0.278   0.87  0.340  0.044   1
  20 WM12NE   1890 2009    120      5      0   0.689   0.87   1.81  0.357  0.778  0.245   1.04  0.341  0.028   1
  21 WM12SW   1890 2009    120      5      0   0.572   0.69   1.67  0.304  0.794  0.228   0.86  0.334  0.006   2
  22 WM15NW   1946 2008     63      3      0   0.622   0.87   1.83  0.341  0.599  0.262   0.87  0.339  0.010   1
  23 WM16NE   1935 2009     75      3      0   0.590   0.63   1.68  0.399  0.881  0.252   0.88  0.352 -0.005   2
  24 WM20SW   1806 2009    204      8      0   0.516   0.28   0.90  0.192  0.889  0.307   1.17  0.389 -0.021   1
  25 WM22NE   1920 2000     81      4      0   0.510   0.27   0.87  0.173  0.787  0.367   1.53  0.435 -0.011   1
  26 WM23NE   1743 2009    267     11      0   0.610   0.45   1.85  0.317  0.773  0.306   1.32  0.388 -0.018   1
  27 WM27SE   1786 2009    224      9      0   0.594   0.79   1.63  0.305  0.703  0.250   0.91  0.349  0.000   3
  28 WM28N    1729 1986    258     10      0   0.638   0.40   1.47  0.280  0.726  0.361   1.16  0.468 -0.002   1
  29 WM28S    1729 1803     75      3      0   0.562   0.99   2.47  0.486  0.641  0.341   0.84  0.379 -0.015   1
  30 WM28NE   1725 2009    285     11      1   0.618   0.61   1.55  0.293  0.784  0.276   0.87  0.338  0.000   1
  31 WM28SE   1827 2009    183      7      0   0.680   0.70   1.18  0.191  0.618  0.204   0.62  0.237  0.013   1
  32 WM29NW   1862 2009    148      6      0   0.821   0.74   1.73  0.312  0.622  0.319   1.15  0.398  0.035   1
  33 WM30SE   1789 2009    221      9      0   0.725   0.61   2.15  0.358  0.867  0.271   0.78  0.329 -0.017   1
  34 WM31NE   1761 2009    249     10      0   0.738   0.39   1.08  0.218  0.734  0.375   1.01  0.438  0.012   1
  35 WM31SW   1761 1830     70      3      0   0.607   0.42   0.92  0.187  0.636  0.325   1.13  0.386  0.014   1
  36 WM34S    1720 2009    290     12      0   0.665   0.52   1.64  0.286  0.853  0.269   1.20  0.356 -0.022   1
  37 WN37S    1883 2009    127      5      0   0.575   0.66   1.26  0.258  0.638  0.296   0.85  0.376 -0.019   1
  38 WM38N    1868 1989    122      5      0   0.569   0.84   2.08  0.513  0.795  0.338   1.25  0.427  0.019   1
  39 WM39N    1892 2009    118      5      0   0.697   0.63   1.16  0.222  0.625  0.271   0.77  0.333  0.007   1
  40 WM39S    1894 2009    116      5      0   0.707   0.65   1.26  0.251  0.737  0.245   0.80  0.323  0.018   1
  41 WM40N    1891 1982     92      4      0   0.423   0.39   1.22  0.229  0.759  0.353   1.44  0.473 -0.007   1
  42 WM44E    1875 2009    135      5      0   0.469   0.46   1.20  0.235  0.880  0.232   0.84  0.313  0.027   4
  43 WM44SE   1769 2009    241     10      0   0.694   0.39   1.01  0.214  0.825  0.268   0.78  0.347  0.030   1
  44 WM45N    1789 2009    221      9      0   0.627   0.44   0.99  0.182  0.770  0.236   0.72  0.302 -0.013   1
  45 WM46SW   1840 2009    170      7      0   0.605   1.08   2.57  0.636  0.846  0.306   1.80  0.477  0.036   1
  46 WM51SW   1874 2010    137      6      0   0.666   0.96   1.92  0.281  0.618  0.194   0.81  0.249  0.018   1
  47 WM52SW   1761 2010    250     10      0   0.508   0.77   2.05  0.337  0.716  0.244   1.24  0.360 -0.005   2
  48 WM53SW   1801 2010    210      8      0   0.678   0.62   1.77  0.307  0.777  0.297   1.18  0.376  0.023   1
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                                                Corr   //-------- Unfiltered --------\\  //---- Filtered -----\\
                           No.    No.    No.    with   Mean   Max     Std   Auto   Mean   Max     Std   Auto  AR
 Seq Series   Interval   Years  Segmt  Flags   Master  msmt   msmt    dev   corr   sens  value    dev   corr  ()
 --- -------- ---------  -----  -----  -----   ------ -----  -----  -----  -----  -----  -----  -----  -----  --
  49 WM54NW   1696 2010    315     13      0   0.655   0.52   1.41  0.255  0.745  0.267   0.87  0.333  0.008   1
  50 WM54W    1719 2010    292     12      0   0.682   0.50   1.22  0.243  0.736  0.294   1.08  0.351 -0.012   4
  51 WM55NE   1770 2010    241     10      1   0.523   0.57   1.71  0.287  0.800  0.248   0.90  0.342  0.002   1
  52 WM56SE   1904 2010    107      4      0   0.653   1.15   2.05  0.389  0.513  0.277   0.89  0.333  0.044   1
  53 WM59SS   1775 2010    236      9      0   0.602   0.75   1.85  0.301  0.727  0.238   1.01  0.327 -0.009   2
  54 WM60SE   1745 2010    266     11      0   0.639   0.54   1.23  0.262  0.764  0.303   1.07  0.379  0.013   1
  55 WM61NW   1552 2010    459     16      0   0.648   0.56   2.92  0.280  0.594  0.292   1.37  0.360 -0.007   1
  56 WM61SW   1682 2010    329     13      0   0.625   0.36   0.79  0.135  0.441  0.318   0.91  0.364 -0.004   1
  57 WM62NW   1750 2010    261     10      0   0.501   1.06   2.40  0.465  0.768  0.228   1.02  0.317  0.000   4
  58 WM62SW   1680 2010    331     13      1   0.556   0.49   1.09  0.175  0.574  0.250   0.80  0.298 -0.005   2
  59 WM63NW   1797 2010    214      9      0   0.625   1.14   3.02  0.492  0.701  0.264   1.05  0.331 -0.010   5
  60 WM63SW   1789 2010    222      9      2   0.596   0.95   2.78  0.485  0.804  0.262   1.27  0.353 -0.004   2
  61 WM64NW   1678 2009    332     13      0   0.695   0.41   1.19  0.241  0.827  0.283   0.87  0.324  0.005   1
  62 WM67NW   1764 2010    247     10      0   0.738   0.52   1.62  0.238  0.645  0.313   1.20  0.389  0.000   2
  63 WM67SW   1789 2010    222      9      0   0.702   0.42   1.80  0.207  0.749  0.263   1.03  0.317 -0.004   2
  64 WM69SE   1613 2010    398     16      0   0.640   0.53   1.60  0.262  0.520  0.413   1.52  0.473 -0.004   1
  65 WM70NW   1777 2009    233      9      0   0.688   0.79   2.14  0.397  0.731  0.318   1.04  0.379  0.007   1
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  66 WM70SW   1810 2010    201      8      0   0.755   0.75   2.19  0.430  0.750  0.370   1.56  0.439 -0.004   1
  67 WM71E    1852 2005    154      6      0   0.598   0.60   1.73  0.247  0.631  0.286   1.03  0.344  0.020   1
  68 WM71N    1864 2010    147      6      0   0.633   0.62   1.39  0.201  0.528  0.250   1.08  0.314  0.009   1
  69 WM72N    1844 2010    167      7      0   0.606   0.89   1.63  0.272  0.538  0.235   0.75  0.318  0.002   2
  70 WM72W    1861 2010    150      6      0   0.657   0.72   1.16  0.197  0.546  0.219   0.66  0.254  0.020   1
  71 WM73SE   1732 1869    138      5      0   0.718   0.52   1.04  0.233  0.763  0.247   0.93  0.325  0.041   1
  72 WM74E    1811 1999    189      7      0   0.606   0.34   0.95  0.173  0.592  0.390   1.57  0.456  0.016   1
  73 WM75NW   1710 1909    200      8      0   0.628   0.75   2.51  0.384  0.804  0.252   1.00  0.331 -0.007   2
  74 WM75SW   1751 2010    260     10      1   0.628   0.60   2.17  0.316  0.768  0.288   0.92  0.371 -0.007   3
  75 WM76E    1727 2010    284     11      0   0.717   0.62   1.50  0.284  0.708  0.312   1.47  0.379  0.000   1
  76 WM76N    1660 2009    350     14      0   0.664   0.52   1.51  0.282  0.802  0.292   1.24  0.362 -0.002   1
  77 WM77NE   1959 2004     46      1      0   0.721   1.99   3.35  0.582  0.769  0.164   0.35  0.187  0.015   2
  78 WM77SW   1851 1959    109      4      0   0.670   0.79   1.71  0.323  0.579  0.356   0.89  0.367 -0.001   1
  79 WM81NE   1829 2009    181      7      0   0.668   0.86   1.86  0.283  0.694  0.211   0.84  0.300  0.022   1
  80 WM81SE   1789 2010    222      9      0   0.678   0.56   1.06  0.213  0.696  0.255   0.91  0.334  0.034   1
 --- -------- ---------  -----  -----  -----   ------ -----  -----  -----  -----  -----  -----  -----  -----  --
 Total or mean:          14476    575      8   0.630   0.62   3.35  0.288  0.717  0.283   1.96  0.360  0.004
                                              - = [  COFECHA ZZ   COF  ] = -
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   The	  PCREG	  output	  file	  of	  the	  eight	  chronologies	  used	  to	  reconstruct	  the	  PDO	  compared	  to	  observed	  PDO	  data.	  The	  first	  page	  of	  the	  output	  file	  shows	  the	  selected	  parameters	  of	  the	  PCREG	  run,	  while	  the	  second	  and	  third	  pages	  show	  statistical	  results	  of	  the	  run.	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         New log file opened:               pcregOSX_log.txt
         Intermediate output files will be saved
         Title:                                                                  
         The predictor data file:           PDO_8before1685_above0.3                
         No tree-ring coordinants read in:            0
         Tree-ring coordinants format:                None
           1  *Ellsw    1543  1991   449 YEARS  EL     1 Ellsworth Glacier                                   TSME      
           2  *Rock_    1514  1992   479 YEARS  *Rock_Glacier -- no data title --                         1st itrdb lin
           3  Mount_    1552  2010   459 YEARS  Mount_Wright -- no data title --                          1st itrdb lin
           4  Repeat    1562  2009   448 YEARS  Repeater_Station -- no data title --                      1st itrdb lin
           5  Wolver    1247  1991   745 YEARS  Wolverine_Glacier -- no data title --                     1st itrdb lin
           6  Deer_M    1550  1999   450 YEARS  DM     1 Deer Mountain                                       TSME      
           7  Excurs    1517  2006   490 YEARS  Excursion_Ridge_2007_(EX) -- no data title --             1st itrdb lin
           8  Miner_    1428  1995   568 YEARS  Miner_Well -- no data title --                            1st itrdb lin
         Tree-ring series retained for modeling:
             1    1  1543  1991   *Ellsw   EL     1 Ellsworth Glacier                                   TSME      
             2    2  1514  1992   *Rock_   *Rock_Glacier -- no data title --                         1st itrdb lin
             3    3  1552  2010   Mount_   Mount_Wright -- no data title --                          1st itrdb lin
             4    4  1562  2009   Repeat   Repeater_Station -- no data title --                      1st itrdb lin
             5    5  1247  1991   Wolver   Wolverine_Glacier -- no data title --                     1st itrdb lin
             6    6  1550  1999   Deer_M   DM     1 Deer Mountain                                       TSME      
             7    7  1517  2006   Excurs   Excursion_Ridge_2007_(EX) -- no data title --             1st itrdb lin
             8    8  1428  1995   Miner_   Miner_Well -- no data title --                            1st itrdb lin
         Tree-ring data type:               ring indices
         Data format:                       tucson trl
         Common first year:                 1562
         Common last year:                  1991
         Number of years:                    430
         Number of series:                     8
         The predictand data file:          pdo                                     
         No climate coordinants read in:              0
         Climate coordinants format:                  None
         Number of climate datasets:        1
         Same format & climate mask:        y
         Climate format option:             5
         User defined format:               (i4,2x,12f7.2)      
         Climate mask:
         JFMAMJJASONDJFMAMJJASONDJFMAMJJASONDJFMAMJJASONDJFMAMJJASOND
         00113                                                       
         DATA TITLE:
         YEAR     JAN    FEB    MAR    APR    MAY    JUN    JUL    AUG    SEP    OCT    NOV    DEC                                       
         Common first year:              1900
         Common last year:               2006
         Number of datasets retained:       1
         Predictor-Predictand common period: 1900 - 1991     92 years
         For the calibration period:
              First year:                   1900
              Last year:                    1991
              Total years:                    92
         Point-by-Point Regression option chosen
         Criteria for screening predictors:
         Probability level for screening correlations:    0.0500
         Number of tails for testing correlations:         2
         Eigenvector selection criterion:                  Eigenvalue-1
         Regression model selection criterion:             maximum adjusted RSQ
         Predictand    1
         Predictor    1 pass:  r = 0.329*  t =  3.30  pct = 0.002  *Ellsw   EL     1 Ells
         Predictor    2 pass:  r = 0.442*  t =  4.67  pct = 0.000  *Rock_   *Rock_Glacier
         Predictor    3 pass:  r = 0.427*  t =  4.48  pct = 0.000  Mount_   Mount_Wright 
         Predictor    4 pass:  r = 0.360*  t =  3.66  pct = 0.001  Repeat   Repeater_Stat
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         Predictor    5 pass:  r = 0.369*  t =  3.76  pct = 0.000  Wolver   Wolverine_Gla
         Predictor    6 pass:  r = 0.335*  t =  3.38  pct = 0.001  Deer_M   DM     1 Deer
         Predictor    7 pass:  r = 0.410*  t =  4.26  pct = 0.000  Excurs   Excursion_Rid
         Predictor    8 pass:  r = 0.337*  t =  3.39  pct = 0.001  Miner_   Miner_Well --
          8 Predictors passed for predictand  1
                       Principal Component Analysis Of Predictors
         Component   Orig Lamda   Res Lamda   % Variance   Cumulative %   Cum Product
              1         4.562       4.562        57.027        57.027          4.562
              2         1.748       1.748        21.851        78.878          7.975
              3         0.526       0.526         6.580        85.459          4.198
              4         0.396       0.396         4.945        90.404          1.661
              5         0.293       0.293         3.661        94.065          0.486
              6         0.208       0.208         2.605        96.670          0.101
              7         0.184       0.184         2.297        98.967          0.019
              8         0.083       0.083         1.033       100.000          0.002
1
                                  Regression Model Results
         Step  Eigen  Corr  t-stat   Prob   RSQ  Cum RSQ  Adj RSQ  Adj RE    AIC
           1     1  -0.497  -5.433*0.0000*0.247   0.247   0.239*   0.230   -21.96*
           2     2  -0.070  -0.669 0.5124 0.005   0.252   0.235    0.219   -20.43 
         Best order model using maximum adjusted RSQ  1
         Percent variance explained:  24.70 %
         Full model f-ratio:   29.52   prob: .00000     1 and   90 df
         Regression Coefficients In Terms Of Original Screened Predictors
         Number     Variable     Beta     Std Err   Predictor series used
            1           1      0.0675*    0.0036    Miner_   Miner_Well --
            2           2      0.0732*    0.0042    Miner_   Miner_Well --
            3           3      0.0970*    0.0074    Miner_   Miner_Well --
            4           4      0.0867*    0.0059    Miner_   Miner_Well --
            5           5      0.0769*    0.0047    Miner_   Miner_Well --
            6           6      0.0749*    0.0044    Miner_   Miner_Well --
            7           7      0.0895*    0.0063    Miner_   Miner_Well --
            8           8      0.0880*    0.0061    Miner_   Miner_Well --
                  Regression Estimates
         Year    Actual    Estimate    Residual
         1900     0.537      0.269       0.267
         1901     0.180      0.272      -0.092
         1902     0.980      0.381       0.599
         1903    -0.097     -0.008      -0.088
         1904    -0.333     -0.370       0.037
         1905     0.943      0.611       0.333
         1906     0.670      0.396       0.274
         1907    -0.063     -0.018      -0.045
         1908     0.377     -0.303       0.680
         1909     0.130     -0.242       0.372
         1910    -0.083     -0.668       0.585
         1911    -0.447     -0.186      -0.261
         1912    -0.147     -0.068      -0.079
         1913    -0.067      0.075      -0.142
         1914     0.463      0.454       0.010
         1915     0.167      1.110      -0.943
         1916     0.220      0.300      -0.080
         1917    -0.077     -0.095       0.018
         1918    -0.600      0.263      -0.863
         1919    -0.083     -0.480       0.397
         1920    -1.013      0.252      -1.265
         1921    -0.453      0.240      -0.694
         1922     0.107      0.168      -0.062
         1923     0.427      0.590      -0.163
         1924     0.490      0.674      -0.184
         1925     0.617      0.330       0.287
         1926     1.010      0.971       0.039
         1927     0.090      0.415      -0.325
         1928     0.663     -0.026       0.689
         1929     0.707      0.029       0.677
         1930    -0.357      0.594      -0.951
         1931     1.357      0.469       0.887
         1932     0.767      0.045       0.721
	   A26	  
	  
         1933    -0.133      0.211      -0.344
         1934     1.400      0.458       0.942
         1935     0.660      0.535       0.125
         1936     1.503      0.331       1.172
         1937     0.370     -0.252       0.622
         1938     0.087     -0.157       0.244
         1939     0.347      0.038       0.309
         1940     2.193     -0.003       2.197
         1941     2.183      0.632       1.551
         1942     0.640      1.114      -0.474
         1943     0.590      0.699      -0.109
         1944     0.150     -0.074       0.224
         1945    -0.297     -0.014      -0.283
         1946    -0.230     -0.099      -0.131
         1947     0.747      0.050       0.697
         1948    -0.530     -0.222      -0.308
         1949    -0.867     -0.477      -0.389
         1950    -1.520     -0.011      -1.509
         1951    -0.837      0.011      -0.848
         1952    -0.893     -0.281      -0.612
         1953    -0.213      0.300      -0.513
         1954    -0.613     -0.208      -0.405
         1955    -1.480     -0.364      -1.116
         1956    -2.047     -0.737      -1.310
         1957     0.007     -0.008       0.015
         1958     0.863      0.263       0.600
         1959    -0.247      0.123      -0.370
         1960     0.263      0.071       0.192
         1961     0.123      0.394      -0.270
         1962    -1.147      0.102      -1.249
         1963    -0.533      0.611      -1.144
         1964    -1.270      0.312      -1.582
         1965     0.000      0.485      -0.485
         1966    -0.587      0.568      -1.155
         1967    -1.110     -0.223      -0.887
         1968    -0.623      0.094      -0.717
         1969    -0.380      0.031      -0.411
         1970     0.423     -0.619       1.042
         1971    -1.607     -0.424      -1.183
         1972    -1.770     -0.881      -0.889
         1973    -0.650     -1.358       0.708
         1974    -0.567     -0.878       0.312
         1975    -0.943     -0.628      -0.316
         1976    -0.843     -0.605      -0.239
         1977     0.443      0.116       0.328
         1978     1.177      0.222       0.955
         1979     0.760      0.419       0.341
         1980     1.260      0.825       0.435
         1981     1.397      0.777       0.620
         1982    -0.193      0.510      -0.703
         1983     1.927      0.607       1.320
         1984     1.530      0.488       1.042
         1985     0.253      0.132       0.121
         1986     1.630      0.164       1.466
         1987     2.037     -0.052       2.089
         1988     1.187     -0.048       1.234
         1989    -0.227      0.093      -0.319
         1990     0.030      0.347      -0.317
         1991    -0.753      0.197      -0.950
                        Mean     Std Dev     Skew     Kurtosis     Serial r
         Actual       0.1103      0.8896   0.1210      2.8575       0.5417
         Estimate     0.2759      0.4421  -0.4337      3.6173       0.6126
         Residual     0.0000      0.7720   0.3207      3.0356       0.3839
         Durbin-Watson Stat =    1.2143     degrees-of-freedom =  1  and  92
         Positive Residuals =  44                Negative Residuals =  48
         Expected number of runs =     46.91     Actual number of runs =  38
         Too few runs z-score =       -1.767     prob =  0.03859
         Too many runs z-score =      -1.977     prob =  0.02400
         Actual vs. Estimates correlation =       0.4970
         Estimates vs. Residuals correlation =    0.0000
         Actual vs. Residuals correlation =       0.8678
         Insufficient data for verification, only  0 years
